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losses, insures more uniform heating of heavy, higt sely stacked 
charges, and improves production 





In hundreds of plants SC Standard and Special types, direct and 
indirect fired convection furnaces are used for heating a variety 
of large and small parts, over a wide range of temperatures. Floor 
space is saved, production increased, costs reduced, distortion 
eliminated, product improved, temperature limitations removed 
and materials handling simplified. 
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SC has pioneered in forced convection heating. Since the first "> 
installation in a leading steel mill in 1935, numerous installations 
have been made for a wide range of processes including anneal- 


ing, drawing, spheroidizing, hardening, carburizing, etc. 
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If your heat treating requirements can be best handled by 
convection heating, consult SC for latest developments. Experienced . ANNEALING 
in all types of heating, SC can help you select the kind, type and 
method best suited to your heat treat job. 
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ANNEALING 


How We Cut Excessive Breakage 


An Actual Experience —told by an Inland Customer 


of information on lubrication for forming and draw- 
ing steel. 


“We've recently learned a lot about lubrication dur- 


ing deep drawing operations. 


“For years we were pretty smug about our practices, 


believing that our methods were as good as, if not 
a little better than, the average 


“That was before the war, when wastage was impor- 


tant, but not too important—when we could specify 
‘tailor-made’ steels—when we could stoutly defend 
our practices and blame failure on the steel. 
“Well, that all changed in a hurry when we were 
betrayed by false Jap diplomz acy. 

“Suddenly we found ourselves working on new prod- 
ucts — war produc ts— made of many kinds of steel. 
Somehow wastage threatened to get us down. There 
we were trying to help our fighting men, but pro- 
duction records looked bad. It seems funny now, but 
we could have been charged with wasting vital steel. 
“We had to move fast, and we did. We called in an 
Inland metallurgist. That fellow was a storehouse 


SHEETS - STRIP 
PILING . RAILS 


TIN PLATE 


“He studied the construction and condition of our 
dies. He checked hold dow n pressures. We learned 
from him the effect of surface temperature gener- 
ated when drawing. He also had answers on chemi- 
cal attack on dies, film strength and compounding. 
His suggestions on the proper app lication and the 
frequency of application of lubricants went a long 
way toward helping us out of our troubles. He also 
gave us valuable tips on cleaning lubricants from 
formed parts. 
“Here is the end of our story. Wastage almost van- 
ished — production in our shop climbed up, so now 
we can hold our heads high w eos there is talk about 
mass production of equipment for America’s fight- 
ing men. 
“Our advice to you is—call for an Inland metallur- 
gist.” 
FLOOR PLATE STRUCTURALS 
REINFORCING BARS 


BARS - PLATES 
TRACK ACCESSSORIES 
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STEEL CARTRIDGE CASES 


FOR ARTILLERY AMMUNITION 


BY HAROLD 


Lieutenant Colonel, Ordnan 








HE USE OF BRASS as material for cartridge 
cases for artillery ammunition is as old as 
the earliest weapon using a cartridge case. This 
is readily understandable when we recognize 
that the art of making small articles of brass is 
an old one, whereas the art of making com- 
parable articles of steel is comparatively new. 
All of us Americans from our earliest days 

in school were taught and believed that, with 
the exception of a few materials, the resources 
of our country were adequate to meet the most 
extraordinary demands. None of us, however, 
in the wildest flights of imagination, conceived 
the magnitude of the present world conflict nor 
did we dream that warfare would become so 
completely and so terribly mechanized. Never 
did we contemplate so many armored vehicles, 
each mounting not one, but several weapons. 
Never did we contemplate so many thousands 
of airplanes, each carrying many guns. The 
quantities of ammunition required are meas- 
ured in almost astronomical figures, for it has 
been estimated that in this second World War 
we are producing in the United States as much 
ammunition in five months as was expended by 
American troops in the entire first World War, 
and the rate of production is ever increasing. 
When we stop to consider that copper is 

the vital element in the production of electrical 
equipment and of radio, and even of ships, guns, 


R. TURNER 


Dept, United States Army 


airplanes, trucks and ammunition, and we 
simultaneously consider the enormous quanti- 
ties of these things that must be made, it is per- 
haps not quite so surprising that even the 
resources of our nation are inadequate to pro- 
vide the necessary metal. 

When the impending shortage of copper 
became evident, studies were made to determine 
where the large expenditures were being made 
and each case analyzed to determine whether 
the item could be manufactured practicably 
from some substitute and still entirely meet the 
rigid functional requirements. This analysis 
very quickly looked at cartridge cases for artil- 
lery ammunition, because here the expenditure 
of copper in the form of 70-30 brass was enor- 
mous. The question was immediately raised as 
to whether it were possible to make steel car- 
tridge cases which would completely fill the 
functional requirements and be capable of man- 
ufacture under mass production methods. 

Such manufacture, or at least its contempla- 
tion, was by no means new. One small com- 
pany in the United States made a very few 
steel cartridge cases in the early days of World 
War I but, unfortunately, this company ceased 
to exist many vears ago and much of the record 
of its work was lost. However, certain basic 
facts were available through the U. S. Patent 
Office and other channels. The records of World 
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War I show that the Germans had made certain 
cartridge cases from steel but these were packed 
in containers with a warning that they must not 
be used in barrage fire. This caution pointed 
immediately to the probability that extraction 
of these cases from the weapons was poor, and 
that high rates of fire could not be maintained. 
Through the intervening years attempts to make 
steel cartridge cases appeared, but at no time 
was the urge behind the development as great 


as currently exists, 


pressure built up at exceedingly high rates, the 
comparatively simple looking can known as 
a cartridge case becomes, in fact, an extremely 
complicated device. 

In attacking the problem of producing steel 
cartridge cases, three avenues of approach were 
explored: First was the use of methods which 
assembled two or more parts to make the fin- 
ished case; second were processes which used 
hot working for the early operations; third were 
cold working methods. 

There were many 





because no one imagined 
a shortage of brass. 
When this shortage 
did occur, the ordnance 
engineers of the Army 
made an exhaustive 
search of all available 
information on the sub- 
ject and were somewhat 
appalled at how little 
really was known. It will 
be my purpose to present 
in a broad fashion the 
solution to this problem. 
In order that you 
may have a fairly clear 
picture of the actual 
problem, it is important 
that you understand 





Chicago Chapter & should be com- 
plimented for getting Harold purely technological 
Turner to talk before its December 
meeting on steel cartridge cases. 
No one could do it better, for he 
has been actively pressing the 
development since late 1941. Pre- 
viously the Censor would permit 
little except generalities to be pub- 
lished, although so many ASMem- it would be well to 
bers have participated in the 
program that details are an open 
secret. Lt-Col. Turner praises 
American industry for the achieve- 
ment; ASMembers would say that 
much credit should rebound to him. 


problems to be consid- 
ered apart from the 


questions which had to 
be weighed fully in 
arriving at the ultimate 
decisions. Since these 
particular problems are 
common to all three 
methods outlined above, 


point them out briefly. 

A large and active 
industry was already 
engaged in the manu- 
facture of brass cart- 
ridge cases. The 


facilities existing within 





these establishments 





what a cartridge case 
actually is and what it 
does. The popular conception seems to be that 
a cartridge case is little more than a can of 
somewhat peculiar shape. Actually, it has a 
rather complex function. 

First, it is a container to hold the propellent 
powder which causes the projectile to leave the 
gun at an extremely high rate of speed. 

Second, it is the support for the primer 
clement whose function it is to ignite the pro- 
pellent powder. This element must be sup- 
ported properly and accurately in the head of 
the cartridge case. 

Third, the cartridge case is a support for 
the projectile which is rigidly installed in the 
mouth of the cartridge case. 

Fourth, the cartridge case acts as a valve 
which operates at an extremely high rate of 
speed to provide a complete seal in the breech 
of the gun, thus preventing the gases from blow- 
ing through the breech of the gun, so that their 
entire energy may be expended in moving the 
projectile. Since the phenomena which occur 
at the instant of firing involve extremely high 


must be used if possible, 
since their complete replacement would be 
unsound economically and the rapid procure- 
ment of equipment almost impossible. 

The material used had to be one which 
required the minimum amount of strategic 
alloying elements. In other words, unless expe- 
rience proved the task impracticable of solution 
without chromium, nickel, and other alloys, it 
was essential that the steel be of comparatively 
simple analysis with even manganese reduced 
to the lowest possible. Third, the cost of the 
process developed should be comparable to the 
manufacture of brass cartridge cases — theo- 
retically, the difference should closely approach 
the difference in cost of the basic materials. 

It is not possible at this time to catalog the 
other limiting conditions which had to be faced 
and which were born entirely of a war economy. 
So it must be borne in mind that many factors 
weighed heavily in the final decision. 

Since the chief interest is in the final proc- 
ess selected, I will describe only briefly the two 


which were discarded. 
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Mou tti-Part Cases 


In the research which preceded actual pro- 
duction we found many references to efforts to 
make steel cases by assembling two or more 
parts. In general, all this work followed one 
common pattern: A head was produced, with 
the necessary conformations in this region, 
either by forging and machining or by machin- 
ing from bar stock. The body of the case was 
made from tubing either drawn or welded. The 
methods devised for joining the tubular wall to 
the base were extremely ingenious, sometimes 
simple, sometimes complicated. Unfortunately, 
with a very few exceptions they were uniformly 
unsatisfactory in the guns. 

There is little question that satisfactory 
steel cartridge cases could be made by the 
assembly of several parts. To do so, however, 
would involve the procurement of tremendous 
quantities of new and, in many cases, highly 
special machinery. It would involve the devel- 
opment of techniques whch would take a long 
time and be very costly. It was early estab- 
lished that rather drastic heat treatment would 
be necessary if adequate physical properties 
were to be attained, and heat treatment is in 
itself an art and, if used, would require a very 
elaborate training program. 

Therefore, this method was discarded, not 
because it was impossible but because the time 
available to accomplish the conversion did not 
permit the required research. 


Hor ForGInc 


The second group of processes involved the 
conversion of disks or slugs of steel into a cup 
by hot forging. By using a steel rich in the 
alloying elements, a small lot of steel cartridge 
‘ases was made in this way. They were highly 
successful. However, to utilize the process 
necessitated large quantities of expensive and 
special machinery. Further, it entailed the 
education of a multitude of manufacturers in 
the highly technical art of working steel hot, 
and avoiding the multitude of hazards and 
deteriorations which accompany the working of 
steel at high temperatures. 

At the present time, there are two manufac- 
turers actually producing steel cases using hot 
forging methods in the early operations, and 
using steel which is simple in its analysis. 
Experience to date with these cases is not com- 
pletely satisfactory, nor has suflicient evidence 


reached us as yet to indicate that such a process 
is going to be highly successful— even in the 
hands of these two manufacturers whose peace- 
time experience over many years has given them 
a tremendous “know how” in the handling of 
steel at high temperature. There are other rea- 
sons, Which unfortunately cannot be discussed, 
upon which the ultimate decision to avoid hot 
forging was based. 


Cases Mape spy Comp WorkK 


The great prosperity our automotive indus- 
try has enjoyed, and the tremendous advances 
it has made as a business are, to a great degree, 
based on the ability of American fabricators to 
draw steel. By virtue of many years of develop- 
ment in its production of complicated shapes 
from steel sheets, the steel industry has also 
developed the art of making suitable steel, 
Drawing on the experience thus acquired it was 
possible for us to procure the steel which 
experimentation indicated would do the job 
with minimum demands on the dwindling stock 
of strategic materials. 

The Ordnance Department did not presume 
to carry on this development alone but rather 
threw the entire burden on that portion of 
American industry whose experience best fitted 
it for the task. To this end, the Ordnance 
Department invited the man who enjoyed the 
reputation of being one of the best in the field 
of steel drawing to come to Frankford Arsenal 
and asked him whether or not he felt it were 
possible to produce from steel the counterpart 
of a brass case. Interestingly enough, his 
immediate reactions were negative because the 
contours were complex, the thickness of the 
metal varied widely and abruptly, the diameter 
was small when compared to the length, and 
the physical requirements were far beyond any- 
thing that industry had had ever before been 
‘called upon to make. 

Nevertheless, with a = typically American 
attitude, he returned to his plant to try, As a 
‘artridge case, the original trial was a complete 
failure but it did establish that steel could be 
drawn with comparatively simple tools into the 
required conformations. Having established 
that basic fact, there was suflicient hope to war- 
rant going ahead. 

With the meager information so far 
obtained, one of the steel companies considered 
the metallurgical problems. A great number 
of small heats of steel were made with a multi- 
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tude of variations in the chemistry, condition, 


and treatment, and as each trial was run, some 


crumb of information was accumulated. After 


a few weeks of this effort, it was evident that 
the job could be done, in an entirely practical 
fashion and on existing equipment. 

At this stage of the development, the Ord- 
nance Department invited almost every manu- 
facturer who had equipment and experience in 
the field of deep drawing steel to participate in 
the development, and experimental contracts 
for the development of tools and the production 
of a small number of steel cartridge cases were 
awarded to some 50 or 60 manufacturers. To 
each of these the Ordnance Department is 
proud to pay tribute, for each contributed some- 
thing and it is the accumulation of knowledge 


that has made the progress we now enjoy. 
CRITICAL SECTION NEAR BASE 


It is regrettable that, because of this war, 
we cannot at this time disclose the intimate 
details. However, I can tell you some of the 
broader phases of the problem and cite in gen- 
eral terms the methods which finally solved the 
ditticulties. 

For example, it was found that in the tubu- 
lar section of a cartridge case, particularly in 
the region adjacent to the thick base, the tensile 
properties which were entirely adequate in 
brass would fail completely in steel. Those who 
are familiar with the basic characteristics of 
the two alloys will not find that difficult to 
understand. The solution of the difficulties in 
this area necessitated the procurement of phys- 
ical characteristics in the steel nearly double 
those required in brass. 

Serious difficulties were encountered in the 
thick base portion of the case in an effort to 
make this region stand up against the terrific 
loads generated during firing. It was early 
discovered that steel behaves vastly differently, 
in a heading press for example, than brass, and 
the process which is satisfactory for brass is 
completely unusable. Months of the most tedi- 
ous experimentation went on to solve this one 
problem but when the solution was reached 
(only last June) the longest single step towards 
the successful conclusion of the program had 
been taken. 

With this out of the way, more time could 
be spent on the draw technique. The early 
opinion was that, in the change from brass to 
steel, press requirements would go up two or 





three times. Careful investigation disclosed that 
for a good draw operation, the press capacity 
requirements went up only 10 to 15°. It was 
found that the draw speed must be reduced in 
the order of 15 to 20%. 


more-or-less accepted rule that reduction of 


It has long been a 


area by drawing cylindrical shapes from steel 
should not greatly exceed 35° per operation. 
Therefore, it often became necessary to add one 
or more operations to the conventional brass 
drawing program. Additional draw presses had 
to be bought and installed, but otherwise there 
was no great difficulty. 

With the basic problems well under control, 
it became necessary to attack a multitude of 
detail problems in order to reach quantity pro- 
duction. The use of draw rings other than those 
made of tungsten carbide or similar material 
was found quite impractical for two reasons. 
First, the finest steel dies obtainable would gall 
and pick up metal and seriously scratch the 
work. Second, their life was extremely brief. 
Many questions concerning the entry angle to 
the die, the area of contact, method of support, 
and the lubrication had to be solved. The exact 
conformation of the draw punches and types of 
material to be used also were questions of no 
small magnitude. Here again we regret that 
many of these points cannot be discussed in 
detail, for obvious reasons, but the data will be 
made available to American industry when the 
war is over. 

As has been indicated earlier, much time 
and study was put into the questions surround- 
ing heat treatment. Many interesting phenom- 
ena have been observed. For example, one 
comparatively litthke known property of steel 
assumed importance, and that is that in stress- 
relieving cold worked steel an actual gain in 
physical properties is observed, if the tempera- 
ture falls within a limited range. This improve- 
ment varies as a function of the amount of cold 
work. It proved to be of great benefit in the 
ultimate solution of some of our difficulties. 

It was further discovered that while the 
steel blanks must be completely or nearly com- 
pletely spheroidized, comparatively little differ- 
ence appeared in the later operations if the steel 
was in a pearlitic condition. This was most 
important, since it made available a great num- 
ber of existing annealing furnaces. Many long 
discussions were held as to whether or not 
bright annealing was necessary, or whether 
other types of furnaces were adequate. Here 
again it was found that there was little or no 
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difference in the end product if proper recogni- 
tion was given to the results obtained in each 
type of furnace. 

Looking briefly at the subject of lubricants, 
it can be said that practically everything on the 
market was tried and a number of new products 
were developed. It is interesting to note that a 
number of the standard products were found 
very satisfactory. It was further discovered that 
the degree of satisfactoriness varied widely in 
different plants, indicating that special condi- 
tions are set up by types of equipment and other 
minor factors which are difficult to identify. 

The problem of rust protection of the fin- 
ished steel cases had been and is one presenting 
great difficulty. In the early stages it was 
thought that plating with copper, zinc, chro- 
mium, even silver might be the proper solution, 
and that section of American industry devoted 
to plating and plating materials did some bril- 
liant work in developing coatings and methods 
of application. Unfortunately, however, our 
supply of critical metals required by this pro- 
cedure was too small and the 
use of protective plating had 
to be abandoned. The present 


process uses phenolic varnishes 


in unusually thin coats and 
cured with great care. A finish 
of this type on an item such as 
the cartridge case demands fat 
more than is customarily 
required of a paint. It must 
withstand the action of strong 
solvents because of the reac- 
tions with burning powder. 
This is in addition to a severe 
requirement for protection 
against abrasion and corrosion. 
Manufacturers of paint in the 
United States have again risen 
to the occasion and provided 
materials which are very suc- 
cessful. 

Reviewing very briefly the 
development of steel cartridge 
cases, we find that the steel 
industry has, by virtue of much 
hard and discouraging work, 
succeeded in producing steel 
with the necessary qualities; 
that the industries of our coun- 
try which have been engaged 
in the processing of steel, have 


Properties of Finished Case. 
of very high quality, applied treat! 





drawn from their experience and by continuous 
work broadened their knowledge and accom 
plished a difficult task of fabrication. The man 
ufacturers of finishes have, by the same efforts, 
made their most valuable contribution. The 
brass industry has cooperated in a most satis 
factory fashion, and has applied much of the 
knowledge acquired from years of working 
brass, and has most patriotically accepted a sit 
uation which must be somewhat repugnant to 
them. The brass men have made most valu 
able contributions. 

The problem of manufacturing the car 
tridge cases for artillery ammunition for steel 
has been solved. The solution has been accom 
plished by nearly 18 months of the most strenu 
ous effort on the part of many branches ol 
American industry. 

Again the Ordnance Department of the 
United States Army is proud to pay tribute to 
American Industry for its cooperation in the 


solution of one of those problems labeled “It 


can't be done”! Se 


Female labor has also entered the 


Precise Temperature Control During Stress Relief Enhances Physical 


heat 


Photo by Palmer for Office for Emergency Management 
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WAR PRODUCTS CONSULTATION: 


TEMPORARY SET 


IN HEAVY SPRINGS 











THE PROBLEM 


Posed by an Ordnance Inspector 


E ARE ASSEMBLING into heavy gun 

mounts a volute spring furnished by one 
of the leading manufacturers. It is coiled from 
a loxt's-in. bar and its free height after heat 
treatment, cold setting and delivery is about 
24 in. It passes all acceptance tests, shows no 
permanent set after rapid or slow loads, and 
appears to be a very well-made article; how- 
ever, we are bothered by a variable amount of 
set after it is pressed nearly closed and kept 
that way for 24 hr. On being released, the 
spring never regains its original height (in one 
case the shortening was well over 1 in.) but 
does come back if the spring is given a few mod- 
erate loadings or even dropped on the floor a 
couple of times. 

Confining our attention to this matter of 
quasi-permanent set after long-time heavy load- 
ing, we would like to know three things: 

(a) What change in manufacture could be 
considered so as to avoid it? 

(b) Is there any technical or scientific 
explanation of the action? 

(c) Does the phenomenon indicate any 
chance of short life in a gun recoil mechanism? 


SUGGESTED ANSWERS 


PossiIBLE CHANGE IN VIANUFACTURE 
By Spring Maker 


THis spring was doubtless coiled hot on a 
mandrel to a free height in excess of the design 
requirement. It is good manufacturing prac- 
tice to reheat for a quench, draw to the specified 
hardness, and then cold set the spring to the 


solid condition, and when the load is removed, 
the free height is diminished. (Rightly or 
wrongly, the spring maker’s name for the cause 
of this is “hysteresis of the material”’.) This 
process is repeated, if necessary, until the free 
height reaches a constant figure equal to the 
desired length. 

Cold setting in the shop is done in several 
seconds, or a few minutes at most. If an addi- 
tional cold set is made and held for a long 
period, say 24 hr., either in the shop or on the 
test bench, there will be further deformation 
due to hysteresis, and hence further loss of free 
height. It is a phenomenon allied to creep* 
that is, a gradual slow yielding and recovery of 
the metal over a long period of time, when 
stressed below the limit of plastic deformation 
(permanent set). The difficulty with the spring 
under discussion (if it is a fault) is not due to 
faulty heat treatment (although such treatment 
will magnify the trouble), but is primarily due 
to the high solid stresses in a test that is unduly 
severe, and which probably has little relation to 
the desired performance in service. 

The higher the stress to which the spring 
is subjected, the greater will be this temporary 
shortening. It would be minimized by reducing 
the stresses where possible and by making sure 
of a surface free from decarburization. It can 
be further minimized by heat treating to as high 
an elastic limit as possible. If the spring is 
made of silico-manganese or chromium-vana- 
dium steel, you should be able to heat treat it to 


*Epiror’s Note: This should not be thought of 
in the same terms as when the word is used to repre- 
sent slow extension under load at elevated tempera- 
tures. It is rather that portion of the elastic action of 
the steel which takes time to become evident; true 
“creep”, in the spring maker’s sense, is_ therefore 
exactly recoverable by “relaxation”, if time be given. 
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a Rockwell as high as C-52. This will give you 
a higher elastic limit than by a more normal 
heat treatment, and it might be satisfactory for 
gun springs, which have a limited life. 

There is one other treatment which is 
effective on heavy springs of silico-manganese 
steel. The springs could be coiled to a consid- 
erable amount longer than normal, say at least 
10°¢ over length, and after heat treatment heat 
them to at least 500° F. and compress while hot. 
If this heat gives too great a loss in free length, 
then the temperature could be slightly reduced, 
or vice versa. 


REASON FOR QUASI-SET 
By Research Engineer 


THE PHENOMENON of loss in height of the 
spring when compressed for a period of time 
is tied up with the creep* of the material under 
load at room temperature, and the opposite of 
creep, namely “relaxation”. Experience shows 
that this relaxation may occur at ordinary as 
well as at elevated temperatures if the stresses 
are high enough. 

Any steel spring kept deformed for a length 
of time acquires a bias in the direction of the 
last load, caused by what is known as “primary 
creep” of the metal. This primary creep is 
usually small in highly heat treated steel such 
as used for watch springs or spring scales. How- 
ever, no steel is free from this effect and the 
higher the load the greater the amount of 
deflection of this type. Usually the load toler- 
ances will be broad enough to cover the effect, 
and in sharp release after a short load the 
spring tends to over-travel and it comes back 
very close to its original length. 

The reason why this loss in height of the 
spring due to creep under load is not recovered 
immediately on releasing it is that relaxation 
takes time. The fact that there is a lendency 
to regain the original height when the springs 
are flexed or dropped on the floor is probably 
due to the combination of vibratory and resid- 
ual stresses present. These residual stresses are 
set up on initial compression, or on cold setting 
the spring beyond the elastic limit, and are in 
such a direction as to subtract from the load 
stress when the spring is again compressed. 
However, under vibration conditions such as 
would occur when the spring is dropped on the 
floor, stresses of opposite sign to the load stress 
are set up. These stresses are in such a direc- 
tion as to add to the residual stresses, and under 


such conditions a peak stress beyond the yield 
stress, but in an opposite direction to the load 
stress, may occur. This is particularly true since 
stressing a material beyond the vield point in 
one direction tends to lower the yield point for 
stresses in the opposite direction (the Bau- 
schinger effect). 

The net result is that vibration tends to 
reduce the residual stresses, which in turn 
means that the spring tends to regain its orig- 
inal height. 


Test INDICATES A ‘TOUGH SPRING 
By Mechanical Expert 


Tuts errect which is worrying the inspector 
should have no bearing whatever on the use of 
the spring in a gun recoil mechanism, as the 
service loads are not maintained long enough 
for primary creep to occur. This conclusion 
can be fortified by considering whether the 
spring would be a better spring if it were 
treated so as to minimize the effect. 

The heat treatment which would show the 
least primary creep would probably produce a 
totally sorbitic or martensitic structure free of 
residual austenite. (A small amount of residual 
austenite accentuates primary creep, as is well 
known to manufacturers of clock and watch 
springs and makers of precision springs for 
balances and scientific instruments.) 

If the job were mine, | would look upon 
this behavior as favorable rather than other- 
wise, for it is also commonly considered that 
material containing residual austenite and 
exhibiting primary creep is less notch-sensitive 
than a more truly elastic metal. If these springs 
are behaving properly in service, | certainly 
would not change the steel or its treatment, 


THE SOLUTION 
Reported by the Ordnance Inspector 


THe Nores, especially by the mechanical 
expert, are comforting. Our experience in the 
railroad industry has shown that heavy springs 
have been vastly improved after modernizing 
the manufacturing and heat treating operations, 
and so we first turned attention to those details 
when confronted by a phenomenon in these gun 
mount springs that was new to us. We find 
that the “set” after long loading is truly only 
temporary, and we are especially glad to find 
that if the steel relaxed more quickly it would 
probably be more brittle than desirable, S$ 
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Standard solders, which have 
been inherited from the days 
when plumbers worked almost 
exclusively with plumbum pipe, 
and “wiped” the joint, are notori- now ts used in exceedingly thin 
ously extravagant in tin. The film, and shear strength and 


wiped joint needs a wide mushy alloying properties are para- 
range during solidification, and mount in them. Many suitable 
this is a property of high tin-lead solders for such thin joints, low 
alloys; nevertheless most solder in tin, are now available. This 
timely article describes a good 
solder that contains no tin at all. 











A NEW SOFT SOLDER; 


LEAD-ARSENIC-ANTIMONY ALLOY 


By R. L. DOWDELL, M. E. FINE, J. 


Division of Metallography, 


F. ELLIOTT and I. C. MATTSON 


University otf Minnesota 











HIS INVESTIGATION to discover a low cost, 

tin-less solder was undertaken because of our 
present tin shortage and also because a permanent 
market exists for a low cost solder. 

For a great many years tin-lead alloys have 
been the standard solders, bought to engineering 
specifications. These alloys combine low melting 
point, strong joint strength, high wetting power, 
and high spreading power. For general soldering 
the 50-50 tin-lead solder has been the most popu- 
lar; other alloys than those of tin and lead have 
been used only for very special purposes. In 
recent months, however, the use of solders con- 
taining more than 30% tin has been prohibited in 
many former applications. 

Although there has been a great deal of 
research in this field lately, no entirely satisfactory 
tin-less solder has been developed. Considerable 
publicity has been given to an alloy of 97.5°¢ lead 
and 2.5% silver; however, the cost of this alloy is 
relatively high, its melting point is too high, it 
oxidizes rapidly at its melting point, and_ its 
wetability is too poor for rapid soldering. 

Several low tin alloys have been recom- 
mended; one in particular described by S. Turkis 
and A. A. Smith (“Some Properties of Low Tin 
Solders Containing Silver and Bismuth”, in Metals 
& Alloys for March 1942) contains 78.5% lead, 
15% tin, 5% bismuth, and 1.5% silver. It handles 
much like the 30° tin, 70° lead solder, but 
relieves the tin shortage only slightly; besides, it 
has a wide solidification range which is often 
objectionable for fast soldering. Since several 


articles have recently been written about substi- 
tute solders, there is no need to review the litera- 
ture here. The reader is referred to the articles 
by F. N. Rhines and W. A. Anderson on “Substi- 
tute Solders” in Metals & Alloys for November 
1941, and H. W. Gillett’s report to W.P.B. for the 
National Academy of Sciences, abstracted in Metal 
Progress for May 1942. 

The data presented in this paper prove that 
an alloy of 87.5% lead, 0.5% arsenic, and 12% 
antimony, besides having low cost, has _ better 
“solderability” on steel and tin plate than any tin- 
less solder in present use that the authors are 


aware of. 
DEVELOPMENT OF THE SOLDER 


Soldering with pure lead is difficult, mainly 
because of its relatively high melting point, and 
also because it oxidizes so readily immediately 
after melting. Arsenic, if added to lead, acts as a 
flux and helps prevent oxidation, as demonstrated 
in the manufacture of round shot by dropping 
molten alloy down a shot tower. With this in 
mind a series of lead-arsenic alloys was tried as 
solders, and it was found that they oxidize less, 
flow better than pure lead, and give a harder joint 
because of a fine grain size. However, the melting 
point is too high for easy manipulation. The 
wetability on tin plate is satisfactory, but on black 
iron it is poor. Schumacher and Phipps had 
already reported that 0.1% arsenic added to tin- 
lead wiping solders (374, tin) cut the oxidation 
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Table |— Composition and Properties of 
Lead-Arsenic Alloys as Solders 





MELTING 

ANALYSIS (@) RANGE (b) Harnp- Lap Jorn 
- NESS (c) STRENGTH 
% Par % As Liguip So. 

99.98 | .... 621° F. | 621° F. 4.1 

99.75 0.25 615 550 5.5 

99.5 0.5 609 550 7.7 

99.0 1.0 597 550 p Be 5100 psi. 
98.5 15 585 550 7.5 

98.0 2.0 574 550 9.2 

97.4 2.6 565 550 10.2 

97.0 3.0 550 550 9.1 











(a) Alloys were made up to this composition 
but not analyzed. 

(b) Melting points from the phase diagram of 
Heike, International Journal of Metallography, 1914. 

(c) Hardness is with Vickers diamond pyra- 
mid and 5 kg. load; average of five readings. 


in the solder pot to a fraction and gave a much 
finer grained joint (Metals & Alloys, March 1940). 

For our further investigation a series of alloys 
varying from 0.25 to 





a mixture of PbO-As.O,, which aided in removing 
oxidized lead, but with high arsenic too much of 
this slag formed. At the high temperature neces- 
sary for soldering, the solders oxidized readily on 
the soldering iron. This increased as the arsenic 
was increased above 1.0%. 

In an effort to lower the melting point anti- 
mony was added to arsenical lead, and it was 
found that solderability was considerably 
increased. A series of alloys containing antimony 
and arsenic was then made by adding antimony 
to the proper mixtures of lead and arsenical lead, 
In this work, molten zine chloride was again used 
as a cover. 

As shown in the lead-antimony constitutional 
diagram, antimony up to 13° lowers the melting 
point. The solderability of the alloys was also 
found to increase with increase in antimony up to 
about 12%. 

The composition and some properties of the 
higher antimony alloys, 50-50 tin-lead solder, and 
American Smelting & Refining Co.'s tin-lead- 
bismuth-silver solder are given in Table Il. Since 

the solderability increased 





3.0% arsenic was made 


— ——--- with antimony, the lower 






































by melting a lead-arsenic we 1 OF antimony alloys are not 
hardener (containing 600 |} +—4 Liquid’: | 631°) 1200 given. The mechanical 
23.27°> arsenic) with H 1000 properties of the alloys 
electrolytic lead of 500 Ft J 2 a i were obtained from cast- 
99.98 purity under a 400 L solid Sol.A + “ntim iad is 600 ings 04 in. thick which 
cover of molten zine ton / n ' is eg wg 600 were rolled to 0.040. in. 
chloride. Alloys up to me , be 4° thick and annealed at 390° 
1.00 arsenic were also 200 Solio’ SoLA Solid! Solution aa | y 400 F. for 3 hr.; averages of 
made with a_ hardener 100 —_+—+— Solio Solution B —+A4 200 five tensile tests made 
containing 1° arsenic. O , from each lot are shown. 
The compositions of Oo 20 40 60 80 100 The alloy of 0.5% 


these alloys and some of 
their properties are given 
in Table I. 


Per Cent Antimory 


Lead-Antimony Constitutional Diagram; 
@ Metals Handbook, 1939 Edition, P. 1516 


arsenic, 12° antimony, 
balance lead, has the high- 
est lap-joint strength. 





Although the alloy with 








The best combina- 
tion of properties in the 
series was obtained with 0.5 to 1% arsenic. A 
higher arsenic content gave a dirtier solder. In 
soldering, a dark brown slag appeared, most likely 


15% arsenic has greater 
tensile strength it is quite brittle and gave a weaker 
joint. The joint made with 50-50 tin-lead 
approached this lead-arsenic-antimony alloy closest. 


Table If — Composition and Properties of Lead-Arsenic-Antimony Solders 








TENSILE PROPERTIES 


COMPOSITION MELTING RANGE 

Pr As | Ss LIQUID Sotip STRENGTH 
100 ma — 621° F. 621° F. 2340 psi. 

89.5 0.5 10 492 476 5860 

89.0 1.0 10 480 469 6110 

88.5 1.5 10 482 469 6260 

87.5 0.5 12 478 476 6160 

50 ni (d) 421 358 5520 

78.5 15 (fe) 507 vate 5970 


HARDNESS (Db) Lap 
STRENGTH (c) 


ELONGA- REDUCTION 


TION (a) or AREA 
43.6% 100% 4.1 eee 
28.0 55.3 18.0 7100 Ib. 
13.6 17.6 19.8 6100 
9.4 11.9 19.7 6000 
35.8 36.9 18.4 8300 
101.0 93.8 12.3 8100 
19.6 36.6 12.7 6200 








(a) 1.5-in. gage length. 
(b) Vickers diamond pyramid with 5 kg. load; 
average of four readings. 


(c) Details described in text. 
(d) 50% tin. 
(e) 5% bismuth, 1.5% silver. 
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An alloy of 12% antimony with no arsenic 
was tried, but it was found that the absence of 
arsenic increased the amount of oxidation and 
decreased the flowability. 

Of all the alloys made and tested, the alloy 
with 0.5 arsenic and 12% antimony behaved the 
best. It was the most fluid, had the lowest melting 
point, wet black steel the best, and gave the strong- 
est joint. This analysis is near the antimony-lead 
eutectic, so it has a very short solidification range. 

In using a copper soldering tool this alloy 
will not wet the tool as well as the tin-lead solder 
because of the formation of a copper-antimony 
compound. An addition of up to 15% tin raised 
the melting point slightly and gave brittle joints. 
By proper soldering technique, which will be 
described later, this handicap was overcome, so no 
tin was used. 

Adjoining is a photomicrograph at 500 diam- 
eters of a steel lap joint soldered with an alloy of 
0.5° arsenic, 12% antimony, balance lead. The 
roundish darker areas are dendrites of lead-rich 
solid solution that solidified first; the major por- 
tion is a eutectic of antimony and lead. Arsenic 
cannot be seen as a separate phase; it probably is 


in the eutectic. 
(CLOMPARISON OF PROPERTIES 


Because the alloy of 0.5° arsenic, 12° anti- 
mony, and 87.5° lead showed great promise as a 
solder, its properties were compared with those of 
other substitute solders, and also tin-lead solders, 
as given in Table III. Alloys No. 2, 3, 5, and 7 
were bought, while the others were made by us. 

In comparing these solders, joints made with 
both soldering iron and oxy-acetylene torch were 
used. Soldering was tried on black steel, tin plate, 
galvanized steel, copper, and brass. Tests con- 
sisted of (a) observing the solderability of the 
different solders and (b) making and pulling of 


lap joints. 


Lap joints on bare steel were made with both 
soldering iron and torch. The strips used were 
2 2 in. The strips were first pickled, then 
fluxed with hydrochloric acid cut with zine. Ends 
were tinned, and then the soldered joints were 
made by overlapping these ends about 14 in. Heat 
was applied until the two pieces were soldered 
together and the joint held firmly together while 
it cooled. A photograph is reproduced on the 


opposite page. 
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Lap Joint of Steel Strips Joined With Solder 
Composed of 0.5% Arsenic, 12% Antimony, 
Balance Lead. Etched in 1 part glacial acetic 
acid, 9 parts alcohol, Magnified 500 diameters 











The joints were then pulled in tension in an 
Amsler testing machine. Strengths are given in 
Table III. Only sound joints were used in cal- 
culating the average, and each value is an average 
of five joints. (This same technique was used for 
the joint strengths listed in Table II.) 

Solder No. 2 has fairly good flowability but its 


adherence to steel is only fair. (In testing the lap 


Table IIl — Comparison of Soft Solders 














: , SOLDERABILITY 
~— CHEMICAL ANALYSIS MELTING RANGE SHEAR wren wonen Cost. 
fa) STRENGTH 100 Lr. 
Pe SN As SB AG Orners  Liguip SOLID (b) FE Cu ZN 
I 87.5 er 0.5 12.0 xe ee <p 478° F. 476° F. 8300 psi. good poor fair $10.00 
2 97.5 0.75 ‘ cee 1.75 miei 580 550 5800 fair fair fair 28.50 
3 97.0 sores a 1.0 2.00 TrP 590 575 5800 fair fair fair 26.50 
i i} 2 ae ; eae 2.50 0.25Cu 590 576 1800 fair fair fair ats 
5 78.5 15.00 = “ree: 1.50 5.0 Bi 507 oe 6200 good | fair fair 31.25 
6 99.0 aT 1.0 597 550 5100 poor | bad bad 9.00 
7 50.0 90.00 {21 358 8100 all very good 31.60 
i 
(a) Source: No. 4. Silberstein’s alloy (Westinghouse Alloy No. 
No. 1. Authors’ solder. 35) used for high temperature electrical joints. 
No.2. National Lead Co. solder No. 580, recom- No. 5. American Smelting & Refining Co, alloy. 


mended as “best substitute solder”. 
No. 3. North American Smelting ¢ 
| Solder”. 





10. 


“Victory 


No. 7. Ordinary half-and-half solder. 
(b) Lap joints with steel; average of five. 
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Typical Lap Joint; Full Siz 


joints several of the specimens 
failed between solder and _ steel " 
rather than through the solder 
itself. Soldering No. 2 with a 





copper soldering iron is difficult 
because at the high soldering 
temperature this alloy oxidizes 
very readily on the iron. In 
soldering on tin plate the solder 
tends to run away from the joint 
causing what is known as “cold 
edge”. (Solder tends to build up 
at edges of solder line, the actual 
joint being in a valley.) In a 
butt joint, if the two pieces to be 


soldered together are a_ slight 





distance apart the solder bridges 
this gap with difliculty. The 
flowability of the solder on brass 
and copper was better than on 





bare steel and was best on tin 
plate. Because of the high tem- 
perature required, torch solder- 
ing was easier than with an iron. 

Number 3 alloy behaves much like No. 2; 
No. 4 behaves in a similar manner also. Its joint 
strength was weaker (4800 psi.) perhaps because 
in making the alloy the solder may have become 
oxidized. No. 5 alloy was found to behave much 
like a 30 tin, 70 lead solder; their liq- 
uidus temperatures are fairly close 
With a torch this alloy shows good flow- 
ability on copper and brass but not quite 
so good on steel. Its surface has a rather 
frosty appearance. In using a_ torch, 
joints made with solder No. 5 tend to 
pull themselves apart on freezing. 

With the silver solders No. 2 to 5 
except the last which is an intermediate 
solder having 15° tin an active flux 
like zine chloride or orthophosphoric 
acid is required because of the high 
temperatures of application (590 to 650 
F.). Ordinary solder with high tin does 
not oxidize nearly so much at this high 
temperature. Rosin and aleohol fluxes 
are not satisfactory. 

The No. 6 alloy oxidized more rap- 
idly than the silver solders. Soldering 
on copper, brass, and galvanized iron 
was more difficult than on mild steel 
It wets mild steel but does not flow read- 
ily; the solder must be pushed around 
The flowability on tin plate, however, is 
satisfactory. Excess zine chloride was 
found to be objectionable. Because the 





solder had to be pushed to spread it on bare steel, 
soldering with an iron was found to be easier than 
with a torch 

The alloy of 12 
balance lead No. 1 soldered bare mild steel 
with little difficulty It wet the steel readily, and 
with an acid flux, like cut hydrochlort acid, the 


solder followed the flux well and soldered quite 


antimony, 0.5 arsenic, 


rapidly Shear strength of lap joints made on 
steel was 8300 psi., while the ov tin, o0 lead 
soldered joint gave 8100 psi. The solderability on 


tin plate and steel was superior to any other tin 
less solder tried, and the appearance of the joint 
was also better 

This alloy ts not recommended for copper, 
brass, or galvanized iron, since with these it has 


almost no adherence or flowability 


SPECIAL SOLDERING TECHNIQUI 
Because the alloy of 12 antimony, Q.o 
arsenic, balance lead, handles differently than 
50-50 solder some differences in technique must be 
observed In the first place its melting point ts 
higher. This necessitates heating the soldering 
iron hotter or using a hotter flame to get equal 
speed. Mildly preheating the joint accomplishes 
this same purpose. 

When using a soldering copper, the tool can 
be tinned with this alloy by using zine chloride 


rather than a salammoniac block The authors 


(Continued on page 9b 


While the Soldering lron Is Much Used, Even in 
Vass Production, Many Other Means of Heating 


j 


the Joint Are ipailable. (General klectris phe fe 
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SACKCLOTH AND ASHES DEPARTMENT 


ITH HUMILIATION we correct an error of 

a type that should never appear in a tech- 
nical publication. At top of second column, 
page 1061 of the December 1942 issue, in the 
table showing composition of available “addi- 
tion agents”, the content of vanadium and zir- 
conium was interchanged for the last three 


alloys. It should read (and I hope this is right) : 


ELEMENT A B Cc D E F G 
Aluminum 7% 15% 13% 6% 10% 12% 
Boron 0.5 11 1.5 0.5 0.5 0.2 0.2 
Calcium 10 

Manganese 20) 8 

Silicon 35 2 2 35 

Titanium 10 15 20) 10 15 20 
Vanadium 10 25 13 
Zirconium 4 4 6 — 








CRITICAL 


ee LOWED a recommendation to visit a certain 
firm on the home front (name deleted by 
agreement) for its experience should encourage 
others who now fear trouble in changing from 
tried and true steels to new NE analyses.... 
This firm manufactures a type of rugged con- 
struction equipment wherein service is unusu- 
ally severe. One substitution is made in an 
irregular 3-in. tube with *,-in. walls, threaded 
internally at one end and splined internally at 
the other. Such a design is inherently full of 
mechanical stress-raisers and many fatigue fail- 
ures had occurred through 

“Arupp” Steel the threads by tension 
Improved by impact. The part had been 
Hot Quenching made for vears of “Krupp 
analysis” (S.A.E. 33810, 340% 
Ni, L's‘) Cr), pack carburized at 1625 for 36 hr., 
oil quenched inside and out from 1450° F. in a 
spray fixture, and drawn at 100°. Surface hard- 
ness was C-60, core hardness C-35. This treat- 
ment, as anticipated by theory and demonstrated 
by experiment, puts about 100,000 psi. compres- 
sive stress (residual internal stress) in the 
dangerous threaded section, and therefore 
should give that much added insurance against 
failure from tension loads. Despite this residual 
stress, and a carefully cut, round-bottomed 
thread, service failures were discouragingly 
high. ...The chief metallurgist early studied the 
possibilities of “hot quenching”, gaging its effect 
by tests on an old-fashioned alternating impact 
machine (wherein a grooved rod is hit by a 
falling hammer alternately at two points 180" 
opposite each other). Test pieces made with 
the old heat treatment would fail by fatigue in 








POINTS 











this test after 20,000 impacts; when the car- 
burized piece was quenched from 1450° F. in 
hot salt at 300° F. and held 2 hr., then air cooled 
the rest of the way and drawn at 400° F., it 
would stand 70,000 impacts. Better than this, 
when the part was hot quenched in this manner 
in production, service failures dropped 85‘ 

....Fortified by this correlation between alter- 
nate impact test and actual service of this crit- 
ical machine part, this progressive firm 
approached the problem of substituting a steel 
considerably lower in nickel and chromium than 
the old Krupp analysis with a good deal of 
confidence. This new steel contained 2!4°% 
nickel, 1% chromium and 0.385°° molybdenum. 
Equivalent or better alternate impact tests were 
achieved with it after hot quenching, except 
that the stay in the bath (salt at 300° F.) was 
increased to 8 hr. and the subsequent draw 
omitted. (Drawing is supposed to relieve inter- 
nal stress and so improve impact resistance, but 
in the particular machine parts they are bet- 
ter left in than taken out because the high 
internal stresses near the surface are .n com- 
pression and the surface works in tension.).... 
Pity now the struggling metallurgist! The new 
steel is only getting into production when he is 
notified indirectly from Washington that, while 
it is using less nickel and chromium than the 
old Krupp analysis, it is consuming too much 
molybdenum, and can he please use NE8620, 
containing 0.55 each of nickel and chromium 
and 0.20% molybdenum, four sample bars of 
which are coming by express. So the testing 
machine gets going again, but although it is no 
trick to carburize NE8620 to C-60 on surface 
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and C-30 in the core, the test pieces fail down 
around 20,000 impacts or less, a figure that 
would indicate a return of service failures to 
the large number of parts returned in the old 
days. After trying many variations in the heat 
treating cycle, the metallurgist turned as a last 
resort to the carbide concentration at the sur- 
face, reasoning that its pres- 
ence hardly helped the 
tensile toughness, and _ its 
absence might. Undesirable 
excess carbides from pack 
hardening could be diffused by subsequent 
annealing, but it was thought easier to car- 
burize the pieces in natural gas for 3 hr. at 
1700° F., giving a relatively shallow eutectoid 
case. When such pieces are quenched from 
the high temperature of 1500° into 300° salt 
and held 8 hr., cooled and used without a draw, 
they withstand 80,000 alternate impacts (better 
than the best of the old Krupp parts) and in all 
probability will fill the service requirements. 


“Krupp” Steel 
Equalled by 
NE Steel 8620 


N TO KANSAS CITY in another of those 
60-mile-an-hour, smooth riding, diesel- 
engined trains the western railroads run 
greatly to their profit, to judge from capacity 
loadings — and marveled much at the way Fred 
Harvey feeds the multitudes. (Eastern railroads 
please notice that it is not necessary to throw 
unpalatable food at diners, even in wartime.) 
..And so out to Sheffield Steel Corp., Armco 
subsidiary that is an outstanding example of 
the American steel industry’s ability to make 
good steel out of available raw material, no 
matter how forbidding. For here, in the middle 
of the Great Plains, are five 100-ton openhearths 
running on nothing but light country scrap, and 
I mean scrap. As explained by F. A. McCoy, 
chief metallurgist, the refining 
practices are about the same 
as used on the West Coast since 
the last war. Heroic measures 
are required to get the voluminous raw material 
into the furnaces without serious delays. Trattic 
congestion is avoided by handling one-third the 
charge under a second craneway. Here have 
been built two large cupolas, alternately in blast 
and being repaired, charged by skips like a 
blast furnace, and tapping continuously into a 
200-ton mixer. The molten metal naturally 
has picked up about 3° carbon from the coke, 
but this is a necessary addition to an openhearth 
making medium or even high carbon steel. 
but it also picks up sulphur. This surplus sul- 


Steel From 
100° Scrap 


phur is removed by alkali treatment as follows: 
When an openhearth furnace is ready for a 
“drink” of hot metal, 40 Ib. of soda ash is 
dumped into a preheated ladle and 30 tons of 
molten iron drawn from the mixer, Reaction 
is rapid; the ladle is moved aside, the caustic 
slag skimmed off by wooden hoes, and the iron 
(now cut from 0.15 down to 0.07% sulphur) 
immediately poured into the waiting open- 
hearth. Since phosphorus is not a problem the 
openhearth slags can be worked to remove 
sulphur, and the resulting steel carries ordi- 
narily 0.05% sulphur (or 0.04° if specifications 
require)....Much steel is bottom cast in I-ton 
ingots; 30 are grouped around a single gate, so 
a 110-ton heat can be cast from four spots. 
While Sheflield’s normal output is wire, rod, 
reinforcing, bolts, spikes, bars and light struc- 
turals, its quality is attested by the ability to 
turn out plow steel wire for hoisting cable. Now 
it is also making shell steel rounds for medium 
‘aliber artillery. 


FPOLD by Don Norgutst, laboratory metallur- 
gist at Sheflield Steel, how they make con- 
stant use of calculated hardenability of S.A.E. 
1150 heats for armor piercing shot, using ladle 
analyses and Grossmann’s diagrams (see last 
July’s data sheet in Metal Progress). Heats figur- 
ing on the low side of the hardenability range 
are scheduled for rolling into bars for 57-mm., 
shot; those on the high side are rolled into bars 
The exact hardenability is 
later determined by a Jominy 


for 75-mm. shot. 


Calculated end-quench test on the rolled 
Hardenability bar. Norourist says that cast 


lest pieces give erratic hard- 
enability tests, but now and 
then when the Jominy test on 
the rolled bar was out of line with the calculated 
hardenability, the test piece itself was analyzed 
and found to be at variance with the ladle 
analysis. Hardness 1! in. from the end of an 
end-quench test piece of 4150 may vary from 
C-10 to C-60 and the heat still be within chem- 
ical limits, so the importance of such testing to 
the man who handles the hardening treatment 
is apparent. Hardness of C-50 at 144 in. on the 


Guides Mill 
Schedules 


Jominy bar corresponds roughly to a Grossmann 
hardenability of 444 in. (round that will just 
harden to its center in an ideal quench), while 
C-55 at 144 in. on a Jominy bar corresponds to 
ideal hardenability of 5 in. Knowing this it is 
easy to direct a certain steel into the plant 
which has the proper hardening routine. S 
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In the December 1942 issue, 
the desirability of embarking 
on a program to produce 
sponge tron was argued pro 
and con. The aim of such a 


melting stock for steel fur- 
naces. It should be remem- 
bered that another class of 
material, somewhat allied, has 
entirely different uses in the 


Numerous tron powders of this 
sort have been commercially 
available for many years, and 
the following article gives a 
general description of them, 


program would be to produce _ field of powder metallurgy. their properties, and their uses. 








IRON POWDER 


BY CHARLES HARDY 
President Hardy Metallurgical Co, New York City 








PRIOR to the outbreak of the present war in hours in hydrogen and subjected to a bending 


Europe, the use of iron powder was very test, to cold forging until edges cracked, to hot 
limited. This country relied almost entirely forging, and to a test for tensile strength and 
clongation. 

As this is a general rather than a technical 
article, presentation of all details of these tests 


is out of place. The accompanying illustration, 


upon imports for its supply. A minor produc- 
lion of iron powder was carried on in the 
United States and this production will be 
referred to below. 

The bulk of iron powder used in powder however, well illustrates the results. As_ the 
same treatment was given to all irons received, 
no matter what their origin or method of pro- 
duction, a very full and comparative record has 


metallurgy for bushings and bearings was 
imported from Sweden, but the entire quantity 
amounted to but a few hundred tons. However, 
been collected. 

It is probably well to state here that the all- 
inclusive term “iron powder”, without any addi- 


during the last ten years considerable efforts 
have been made to produce suitable iron pow- 
ders for other purposes besides the manu- 
facture of bushings and bearings, and again tional explanation, does not convey to the user 
Europe supplied the quantities of iron powder 
that were then actually produced and available 


what chemical and physical characteristics he 
may expect to receive. For example there was 
submitted to one of the most famous labora- 
tories of the United States a sample, which 
analysis showed to be 99.87°% metallic iron and 
the remaining 0.13°° mainly oxygen, yet the 
laboratory informed the writer that he had been 
supplied not an iron powder but an “alloy”. 
Not the chemical, but the spectrographic analy- 
sis showed the presence of copper! 

For convenience the various iron powders 


for import. 

In the meantime, however, research work 
was carried on in this country in an effort to 
produce iron powder by various methods and 
from various raw materials, such as by the 
reduction of magnetic ore or mill scale, and 
from scrap — mainly borings and filings. 

In order to determine as far as possible the 
merits of the various iron powders available, 
the Hardy Metallurgical Co. developed a stand- 
ard test procedure which has been applied to 
most of the available irons. Testing was carried 


have been classified under five headings, accord- 
ing to the method of production and the appli- 
cation, each group having its own application 
out as follows: The iron samples as received depending upon its specific characteristics : 

whether of Swedish, German or French origin, Group 1 — Our first work with iron powder 
or those produced in the United States from dates back 15 or 20 vears when it was necessary 
mill scale or from cleaned and reduced magne- to supply a very pure, high grade iron powder, 
tite — were compressed into short square bars. particularly with the lowest percentage of phos- 


These compacts were then sintered for two phorus and manganese. To produce this iron 
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powder we used bar ends and sheet cuttings of 
the finest Swedish iron. Though this iron would 
be termed “scrap”, and scrap was available at 
about $20 per ton, more than three times that 
price was paid for the raw material. It was 
dissolved in sulphuric acid and the resulting 
hydrogen collected and purified. The resulting 
iron sulphate crystals were roasted to eliminate 
the sulphur, and the iron oxide subsequently 
reduced with the purified hydrogen. The result 
was a very pure iron suitable for use in making 
batteries, telephone cores, and other electrical 
equipment. The iron so produced is very finely 
divided; the most of the particles are probably 
finer than 825 mesh. 

Iron of this nature is still produced on a 
large scale in this country, and since the 
Swedish raw material is no longer available on 
account of the war, a domestic high purity iron 
has been found to take its place. On account 
of its very fine grain size this iron powder does 
not lend itself to the common run of powder 
metallurgical purposes, and it has a very high 
compression ratio. It is very expensive and 
unsuitable for the man- 


ufacture of cores or 


nor Il, although of great importance, can be 
classified as “big tonnage” iron powders. 
Group Ill — This is the Swedish iron which 
was imported under the name of sponge iron. 
Sponge iron is produced from the fines resulting 
from mining iron ores, and is reduced by either 
charcoal or Neither has 
produced an iron powder with a Aigh per- 
The analyzed total 


anthracite. process 
centage of metallic iron, 
iron content is high, but as long as some of the 
iron is present in the form of iron oxide, this 
iron oxide should really be classified with the 


impurities. ‘The use of charcoal for a reduction 
agent generally leaves a higher oxide content 
and anthracite a lower, but anthracite intro- 


duces impurities contained in the coal, such as 
sulphur. Swedish production, starting with a 
by-product ore, is cheap, allowing the iron to be 
marketed here at a price of from 7 to 10¢ per 
Ib.. depending on the mesh size of the particles 
and freedom from silica, alumina, and other 
substances. Much of the remaining oxide is 
reduced by the hydrogen or carbon monoxide 
atmosphere in the sintering of the compacts, 











bushings, but it is still 
material for 
purposes and 
has found 
application in the fields 
of radio and electronics. 

Group Il— Car- 
bonvl iron is a product 
which until recently was 
imported from Europe. 
It is produced from the 
decomposition of iron 
Its grain 
shape, 


an ideal 
special 


already 


carbonyl gas. 
is globular in 
and it has probably the 
smallest uniform grain 
size. Like the iron in 
Group I, this iron has an 
appreciable application, 
but again it is an iron 
which does not lend 
itself to the every-day 
uses of powder metal- 
lurgy. However, even at 
its present high price it 
commands a good mar- 
ket particularly in con- 
nection with the war 
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effort. Neither Group I 
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Photograph of Test Pieces for Five Varieties of lron Powders. Tensile 
tests on the French iron gave 38,000 psi. ultimate and 30% elongation 














which creates, of course, a certain amount of 
porosity — not a fault when the article is a 
“porous” bearing, but a matter of great moment 
when dense parts are to be produced. 


IRON From REDUCED OXIDE 


Group IV —- Prior to the outbreak of the 
war there were many years of efforts in this 
country to produce sponge iron and perhaps 
subsequently iron powder, which efforts have 
been described in a number of pamphlets issued 
by the U. S. Bureau of Mines, and summarized 
in last month’s Metal Progress. The outbreak 
of the war in 1939 eliminated all possibility of 
imports from Europe, and since then, efforts 
here have been multiplied. Group IV deals with 
the gaseous reduction of iron from mill scale, 
magnetite ores and oxidized fines from iron 
grindings and filings. While encouraging prod- 
ucts were obtained from ores, their commercial- 
ization has not progressed very far as vet due 
to the fact that, while some of the mines are 
able to concentrate their iron ores to 68 to 71% 
iron, it has been impossible to eliminate the 
alumina, magnesia and silica of the gangue. 
Presence of these impurities and the incomplete 
reduction of the iron oxides have been the rea- 
sons why there has been no large scale produc- 
tion of iron powder from the ore. 

There is an appreciable tonnage of iron 
produced in this country from mill scale by 
either carbonaceous gas or hydrogen reduction. 
The resulting iron finds a market in a great 
many applications where great physical 
strength and purity of the iron is not the main 
requirement of the consumer. If, however, the 
specifications for the iron are rigid, this iron 
will not meet them. The mill scale that forms 
the basis for manufacture is obtained from the 
steel rolling mills which cannot guarantee a 
uniform quality because the analyses of the 
steels vary from day to day, and a certain 
amount of chromium or nickel or other alloy 
finds its way into the scale. These mills do not 
have the facilities, nor during the war any pos- 
sibility, of separating scale from the different 
grades of steel. Hence the iron varies from 
batch to batch and cannot be guaranteed to 
meet definite chemical specifications. How- 
ever, it is fairly cheap and finds a number 
of outlets, particularly where copper and other 
powders are added to the iron powder. 

Group V — Electrolytic iron powder. When 
it was found that copper powder, made by 


electrolysis, was of high purity, and the process 
permitted a variety of controls over grain size, 
grain structure and apparent density, those 
engaged in its manufacture in Europe and 
America started to produce iron powder by 
electrolysis. From the very beginning this iron 
powder showed a superiority in quality through 
the entire absence of gangue and a very low 
carbon content. As a matter of fact electrolytic 
iron rarely exceeds 0.002% carbon, which made 
the iron more ductile and amenable to compres- 
sion. Tests for tensile strength, elongation, 
forging and bending are of a different and 
higher order than those for powders produced 
by other methods. (Of course iron powders 
produced by electrolysis are annealed before 
use.) A great many tests have been performed 
on electrolytic iron powder for alloying pur- 
poses, and where — as in the alnico magnet — 
the physical and chemical requirements are of 
the highest, this powder has met all of them. 
Alloys made with nickel and chromium powder 
have shown physicals not obtained from iron 
powders made by other methods. Hardness up 
to Rockwell C-60 was obtained in the case 
hardening of parts made from electrolytic iron 
powder. 


Cost oF COMMERCIAL POWDERS 


During the panel discussion on powder 
metallurgy at the last @ Metal Congress in 
Cleveland, October 1942, the question of price 
played an active part. Opinion was divided. 
Some laid particular stress upon the need for 
cheap iron powder at a price, let us say, of 5¢ 
per lb. Others were more interested in quality. 
The latter group was divided into (a) those who 
would, through quality, save material and 
expensive machining, and (b) those who must 
have quality for the particular application, 
whatever the cost of the material. 

Amongst the users in class (b) above are 
the manufacturers of cores for telephone, radio, 
television and other parts where magnetic per- 
meability is of prime importance. 

It will, therefore, be seen that iron powder 
should not be judged merely by the name “iron 
powder”, but by the application for which it is 
needed. 

As far as price is concerned, it would 
seem that reasonable wishes can be met. Lately 
a powder, called “iron powder”, has been 
offered with a mesh size of 200 or less at a 


(Continued on page 126) 
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HOME AND ABROAD 











TRANSFORMATION OF 
HIGHLY ALLOYED AUSTENITE 


HE SECOND PARAGRAPH on page 896 of 

the November issue starts thus: “A spirited 
discussion arose between adherents of this paper 
{Payson and Klein’s} which reported about 20% 
austenite retained at room temperature, and 
those of Gordon, Cohen and Rose, who reported 
about 2% retained.” It was vice versa, as 
pointed out by several correspondents. 


(QUICK IMMERSION TECHNIQUE 
FOR MOLTEN STEEL TEMPERATURES 


SHEFFIELD, ENGLAND 
To the Readers of Metal Progress: 

Investigations in Britain during the last few 
years on temperature control in steel melting 
furnaces have centered ‘round the development 
of a satisfactory “quick immersion technique” 
for measuring the temperature of molten steel 
by a platinum thermocouple. A description of 
a suitable insirument for this purpose was given 
just before the outbreak of war in the Eighth 
Report to the Iron & Steel Institute on the 
Heterogeneity of Steel Ingots. 

An essential feature of this instrument is 
the fact that the hot junction of the thermo- 
couple is protected only by a thin silica sheath 
which allows the thermocouple to attain the 
bath temperature in a few seconds; hence the 
instrument need be in the furnace for no longer 
than 10 to 15 sec. to obtain an accurate reading. 
This silica sheath is generally renewed after 
each immersion. 

Since that report was issued, investigations 


in a number of Sheftield steel works with instru- 
ments of this pattern have led to some modifica- 
tions in the details of their construction, but to 
no essential change in design. One interesting 
modification has been a carbon block to protect 
that part of the thermocouple immediately 
above the thin silica sheath which is partly 
immersed in molten slag during the time a 
temperature reading is being taken. 

Previously, insulating blocks of diatoma- 
ceous materials have been fitted in this position 
(as well as in the remainder of the length of 
the thermocouple) and have served satisfac- 
torily for a reasonable number of readings, but 
the carbon block (turned from waste electrode 
material) has the property of not being wetted 
by either acid or basic slags, with the result that 
it appears to be practically unaffected even 
after numerous immersions in the molten slag. 

If such instruments are to be used for the 
control of steel making operations, it is obvi- 
ously important that the extent to which tem- 
perature may vary from point to point in a 
molten steel bath should be known, because this 
will determine to what extent a single tempera- 
ture reading may furnish a reasonably accurate 
picture of the condition of the metal bath as a 
whole. It may be expected that temperature 
will be fairly uniform in a high frequency fur- 
nace, in which regular circulation of the metal 
is produced by the heating current, or in an 
openhearth furnace during and immediately 
after the boil, but a quiescent bath heated from 
above is likely to show temperature differences 
between the upper and lower layers of the 
molten metal. In such a case, is it possible to 
obtain a useful indication of bath conditions by 
a single temperature reading and, if so, at what 
position and depth in the bath? 
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Variation in metal temperature in a variety 
of steel making furnaces has recently been 
examined by D. A. Oliver and T. Land, who, 
in a paper entitled “The Temperature Distribu- 
tion in the Liquid Steel in Various Steel Making 
Furnaces” presented at the May 1912 meeting 
of the British Iron & Steel Institute, give the 
results of numerous temperature measurements 
in 20 and 10-ton acid openhearth furnaces, 
Jj0-ewl., 3-ton, and 12-ton basic electric are fur- 
naces, and a 100-Ib. high frequency furnace. 

Their results indicate, as might be expected, 
that very small differences exist in any of the 
furnaces when the molten metal is on the boil, 
but larger variations — up to an observed maxi- 
mum of 80° PF. 
ing stages when the metal is quiescent. Rabbling 


are built up during the finish- 


reduces these differences and is recommended 
prior to taking an immersion reading. 

The authors conclude that, providing a suil- 
able position is chosen for the temperature 
measurement, the observed single reading is 
likely under normal conditions to be representa- 
tive of the mean temperature within — 20° F., 
though under poorer conditions this limit) may 


be doubled. ‘ 
J. H. G. Monyrpenny 


Chief Metallurgist 
Brown, Bayley’s Steel Works, Ltd. 


METALLOGRAPHY BY ELECTRON 
VICROSCOPE 


Scuenrcrapy, N.Y. 
To the Readers of Metal Progress: 

The use of the electron microscope in metal- 
lography has developed rapidly in the last few 
months, and we thought it might be interesting 
to learn of some of this work. 

A beam of electrons acts very much like a 
beam of ordinary light in many ways, except 
that it has about one fifty-thousandth the usual 
wave length. Light cannot be used to make 
detailed images of objects much smaller than 
its wave length — about half a micron but the 
wave lengths of ordinary electron beams are so 
small that they can be used to make detailed 
images of objects as small as atoms, at least in 
theory. Although the contemporary electron 
microscopes are very far from perfection, they 
already can give images of objects as small as 
0.001 », an improvement of 500-fold over the 
best light microscopes. (Note the clarity and 
definition in the accompanying example of struc- 
ture of beryllium copper.) The useful mag- 
nification of an electron image is, therefore, 





Left: Electron Micrograph of Martensite, Show- 
ing Part of a Feather. Right: Slightly aged beryl- 
lium copper, showing precipitate. Magnification 
is moderate, as indicated by the length of one 
micron on the margin: tt is about 4500 diameters 


about 500 times greater than that of a light 
image, under the most favorable circumstances. 
In the electron microscope we obviously have 
a tool for examining the fine structure of speci- 
mens to a degree of intimacy never before pos 
sible, and that is why such effort has been put 
into metallographic studies with this instrument, 

Most electron microscopes in use now pro- 
duce magnified images only of very thin speci- 
mens 0.1 » or less—-by using transmitted 
electrons. Ordinary metallographic specimens 
are much too thick to transmit any electrons 
and, therefore, cannot be observed directly in 
these instruments. However, by making a thin 
mold of the etched surface of a thick object and 
then examining the mold in the electron micro- 
scope, the surface contours of the object can be 
observed. Several ways of making these molds, 
or “replicas”, of the surfaces of metallographic 
specimens have been devised; we shall describe 
only the one used in our laboratory. 

The specimen is polished and etched in the 
usual way to give a good image at 1000 diam- 
eters under an optical lens system. It is then 
carefully dried, dipped into a dilute solution of 
a plastic (such as polyvinyl formal), drained, 
and the solvent allowed to evaporate. This 
process leaves the metal coated with a thin film 
of plastic, flat on the outer surface, but follow- 
ing the most intimate details of the metal’s sur- 
face with its under side. The thickness of this 
plastic film depends on the concentration of the 
solution and can be varied to suit the sample; 
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ordinarily a film 0.05 » thick gives good results. 

The plastic film is then peeled from the 
sample under water and brought to the surface, 
where it floats, spread out by surface tension. 
This film then can be picked off the water sur- 
face and examined in the electron microscope. 
Where there was a high spot on the specimen, 
the film is thin and more electrons get through 
to reach the image of this region than reach 
the images of thicker parts of the film, where 
the specimen’s surface is lower. Thus, the 
image shows high points of the sample bright, 
and Jow points dark, just as does an ordinary 
light microscope. Starting with a polished and 
etched specimen, the time necessary to produce 
an image in the electron microscope need not 
be more than 5 min. 

Among the most immediately interesting 
kinds of metallographic specimen are those in 
which precipitates too fine to resolve with the 
light microscope are suspected. The suspected 
precipitates have been discovered in several 
cases. The very fine cementite plates in a mar- 
tensite feather, which are shown in one of the 
adjoining reproductions, form an example. 
Another is the plate-like precipitate in beryl- 
lium-copper, shown in the right hand view. 

It is hoped that many more examples of 
this interesting kind will appear as our work 
continues. In this way it may be possible to 
learn more about the fundamentals of precipita- 
tion hardening. Such knowledge should lead to 
new materials with superior properties. 

Davip Harker and Vincent J. Scuarren 


Research Laboratory 
General Electric Co. 


Lsk OF REPLICA COATINGS IN 
METALLOGRAPHY 


PHILADELPHIA, Pa. 
To the Readers of Metal Progress: 

Much interest is now centered around the 
latest phase of photomicrography and its use 
with the electron microscope. To metallurgists 
this new scientific tool in its beginnings carried 
little promise until some technique was worked 
out for its use with metallurgical specimens. 
It would seem that definite advances have been 
due primarily to the means for producing thin 
transparent replicas of the metal surfaces. An 
excellent description of this use is found in 
Transactions @, Dec. 1941, p. 837, in the article 
on “Formation of Pearlite”, by Robert F. Mehl. 

That there is nothing new under the sun is 


a worn but truthful adage. It is strange there 
is no mention made by any of the researchers 
of the work done by L. V. Foster (a member of 
the Scientific Bureau of the Bausch & Lomb 
Optical Co.) He published a paper as far back 
as 1923, on “Transparent Metallography” 
through the use of replica specimens from 
metal surfaces. This was read at the 5th annual 
convention of the American Society for Steel 
Treating at Pittsburgh, and was published in the 
Transactions for April 1924, p. 113. 
J. 1, Wexnin 
Captain, Ordnance Dept., U.S.A. 


Eviron’s Nore: Doubtless the reason Foster's 
work was forgotten was that his method showed 
no more under an ordinary microscope than could 
be seen more simply by reflected light. The replica 
method is not at all new; one of the oldest and 
most important of its applications is in making 
cheap reproductions of ruled gratings for spectro- 
scopes. It would be difficult (and probably fruit- 
less) to find the real inventor’s name. 


MAGNETIC BALANCE FOR INSPECTION 


CamBnivGe, Mass. 
To the Readers of Metal Progress: 

I wish to emphasize the wide applicability 
of the magnetic sorting method described by 
P. E. Cavanagh in his letter in September Metal 
Progress. The method may be used for sorting 
or inspection, and will discriminate between 
deep and shallow-hardening steel, indicate both 
hardness and depth of case in carburized parts, 
and give evidence on both quench and draw 
temperature. 

A pair of balanced coils and a cathode-ray 
oscillograph constitute all the essential elements, 
Some degree of control of the balance may also 
be added. This system would appear eminently 
suitable for repetition inspection of such parts 
as armor piercing shot, the only difficulty being 
that involved in setting up acceptance and rejec- 
tion limits on the basis of an adequate number 
of calibration tests. 

The method, using the closed loop on a 
cathode-ray tube mentioned by Mr. Cavanagh, 
was published in the Proceedings of the A.S.T.M. 
for 1927 as an Appendix to Report of Committee 
A-8 entitled, “A Method of Graphic Representa- 
tion of Magnetic Characteristics”. More applica- 
tions should be made of this inspection system. 

A. V. pe Forest 
Professor of Mechanical Engineering 
Massachusetts Institute of Technology 
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“CASE DEPTH” 


Burrao, N. Y. 
To the Readers of Metal Progress: 

Tue Eprror’s “dumb question” on p. 233 of 
the August "42 issue (“What is the meaning of 
the term ‘case depth’ and how do you measure 
it?”) might be sufficiently answered by the arti- 
cle “Case Depth Measurement” in @ Metals 
Handbook, page 768, except that the commer- 
cial measurements are still unstandardized. 

The attached diagram shows the micro- 
hardness as determined by the microcharacter 
of six cases. They are not exceptional ones 
but represent “good practice”. Curve F is par- 
ticularly interesting because it is of a carburized 
automotive worm gear like many thousands put 
out by a firm of national reputation. In routine 
tests of these gears Brinell tests were made on 
flat surfaces and the width of the darkened 
etched rim on a metallographic surface was 
accepted as the depth of case. The darkened 
rim was found to be not less than 4 in. in 
width and this officially constituted the “depth 
of case”; 14 in. represents 3 mm., and the hori- 
zontal scale of this diagram goes about one 
quarter that far. It is seen that the really hard 


laver of the worm was on the order of 0.001 
rather than 14 in. 

Our studies were taken of gears as heat 
treated. In order to reduce noise these gears 
were accurately ground. This meant that 0.002 
in. of metal was removed by grinding, and it 
practically removed the really hard case. 

Considering the darkened rim due to etch- 
ing as representing the depth of case seems to 
be as yet a common folly. 

C. H. Brersaum 
Vice President & Consulting Engineer 
Lumen Bearing Co. 


WELD QUALITY Vs. WELDING SPEED 


East PirrspurGu, Pa. 
To the Readers of Metal Progress: 

In the correspondence pages in last August's 
issue, James F. Lincoln wrote that a very large 
increase in output per welding operator would 
result from increasing the size of the electrode. 
It is not quite so simple as that, as the present 
writer emphasized when discussing a similar 
suggestion made by E. W. P. Smith at a recent 
meeting of the Iron & Steel Engineers. 

A large percentage of the welding now 
being done consists of single- 
pass fillets. The art has advanced 











Microhardness (by Microcharacter) of Four Nitrided 
Nitralloy Cases and Two Pack Hardened Alloy Steel Cases 


so that the largest electrodes and 
greatest currents practical are 
in use in most cases. Further 
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capacity. The result is a higher plant overhead 
cost and additional orders on already over- 
loaded industries. 

3. For a given set of conditions, the use of 
larger electrodes and higher welding current 
often results in increased grain size and 
decreased ductility. 

The above points are also true for most 
grooved welds as well as for fillet welds. It is 
true that in multiple-pass welds, decreasing the 
number of passes decreases distortion up to a 
certain point. Beyond that point the excessive 
heating of the work itself resulting from 
increased arc-heats produces another source of 
distortion. Decreasing the number of passes 
also tends to decrease grain refinement and 


capacity must be replaced with one of higher 





We have also divided all polycrystalline 
solid solutions into two fundamental groups 
depending on the plasticity (toughness, or its 
converse, brittleness) at low temperatures: 

I. Solid solutions based on nickel, copper, 
silver, aluminum and other face-centered metals 
which do not become brittle even at very low 
temperatures. 

Il. Solid solutions based on iron, mag- 
nesium and other metals which, at a definite 
transition range of temperatures, pass from a 
tough to a brittle state. 

It also appears that the basic metals of 
Group I are more plastic (as measured by 
reduction of area) than solid solutions based 
on them, and this relationship persists at any 
temperature of testing. This is true despite the 
fact that commercial high brasses and bronzes 











ductility. A. B. Wurre : 
Research Engineer have somewhat higher reductions of area than 
Westinghouse Electric & Mfg. Co. commercial copper. For example: 
Commercial copper 70% R.A. 
10 to 20% Zn, Al or Sn 80% 
30% alloy 70% 
Ghost 
However, when these alloys are 
*» ose prepared from materials of maximum 
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Pistol and Hand Grenade 


Inclusions in Steel Forging 


purity the generalization holds, for 
purest deoxidized copper then has a 
reduction of area of 90%, a 10% alloy 
of 87°, a 20% alloy of 83% and a 30% 
alloy of 78. The anomaly in com- 
mercial alloys may be due to deoxida- 
tion by the Zn, Al or Sn. 

A different picture is obtained from 
tests of Group II at sub-transition tem- 
peratures. For example, iron has a 
transition temperature (tough to brit- 
tle) of about —180° F. Iron-nickel alloys 





tested at 70° F. have plasticity (R.A. — 








PLASTICITY OF COLD METALS 


Moscow, U.S.S.R. 
To the Readers of Metal Progress: 

Plasticity of metals has commonly been 
measured or estimated from the figures for 
elongation and reduction of area in the standard 
tension test. We in the Mechanical Testing 
Laboratory in the USSR Institute for Aircraft 
Materials have attempted to set up better and 
more precise criteria. A first, and simplified, 
assumption is that the reduction of area is a 
preferred measure of plasticity for structural 
and austenitic steels, and for wrought copper 
alloys, such alloys being those whose micro- 
structure is based on metallic solid solutions. 


65°) that slightly decreases with 
increasing nickel up to 5% (thus conforming to 
the action of Group I alloys), but when tested 
at —325° F. the reduction of area increases from 
practically zero for pure iron to 40% for a 5% 
nickel alloy. Similar trends and values are 
noted for magnesium (transition temperature 
140° F.) alloyed with aluminum when tested at 
575° F. and at +70° F. In these systems exces- 
sively pure alloys do not act differently than the 
commercial alloys. 

The above phenomena have long been uti- 
lized for obtaining tough alloys to work at 
extreme temperatures. The general principles 
may be extended to discover improved metals, 
and to guide their fabrication. 

Jacos B. FrmepMann 
USSR Institute for Aircraft Materials 
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FLAKES IN NE STEEL BILLETS 


Cupany, Wis. 
To the Readers of Metal Progress: 

We wish to call attention to serious diflicul- 
ties which have attended our first experience 
with the new NE steel compositions, and which 
must constantly be guarded against in the manu- 
facture of drop forgings and open die forgings 
ranging upward from 2 in. in section. We refer 
to ruptures or bursts known variously as 
thermal ruptures, flakes or bursts, prone to 


develop in certain melts of alloy 


steel which have been rapidly == 


cooled after rolling or forging. 
(They seldom if ever occur at the 
surface, and inspection should 
search out the deeper portions of 
the metal.) 

While the cause of this type of 
defect is still subject to some dis- 
agreement there is apparently no 
dispute as to the measures necessary 
for its complete prevention. Three 
requirements may be mentioned: 
(a) Retardation of cooling should 
commence at a temperature not 
substantially lower than 1000° F. 
(b) Necessary rate of cooling will 
be such that the minimum total 
interval will range from as little as 
92 hr. to as long as 168 hr. in sec- 
tions we encounter (2 to 12 in.). 
Total time for complete prevention 
of ruptures seems to depend upon 
bar size, temperature at time of 
burving, rate of cooling, composi- 
tion, and various more or less 
obscure characteristics of the metal 
in various mill heats. (c) Retarded 
cooling must be continued to a tem- 
perature considerably lower than 
many seem to appreciate. It is 
known that serious ruptures have 
occurred in blooms and bars withdrawn from 
the pits at temperatures in the neighborhood of 
10° FF. Where cooling has been continued to 
250° F. no single instance of trouble has been 
encountered. 

Tendency to rupture is distinctly higher in 
steels carrying nickel and molybdenum together. 
Compositions known to be particularly hazard- 
ous include not only those of high hardenability, 
such as X4310 (AMS61415), but also and more 
especially the new NE compositions, such as 
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NE8620 (AMS6274). S.A.E. 4820 has also been 
particularly bad in bar sizes of from 4 in. 
upward. 

Recent inspection of rolled billets of from 
1 to 12-in. cross-section leads to the inference 
that some steel mills lack full appreciation of 
the importance of the alloy content even of the 
low alloy NE steels as a factor in tendency 
toward flaking. While it is probably true that 
there is somewhat less danger of flaking after 
forging a sound bar than there is of flaking as 
a result of improper steel mill practice, never- 











Thermal Ruptures in 5-In. Billet of NE8620 as Received From 
Steel Mill, Sectioned Transversely 10 In. From End, Note 
absence of ruptures in outer zone. This condition ts prevent- 
able by proper control of cooling. Slightly reduced in size 


theless, forge shops dealing with the heavier 
sections involved in many of today’s forgings 
and with compositions and geometry new to 
them must be cautioned to protect their product 
adequately immediately after forging to prevent 
serious loss during cooling, especially since the 
NE steels are now being substituted for such 
compositions as the 5100, 4100, 5100, and 6100 
series, Which previously were rolled and forged 
without extensive precautions to prevent dam- 
age by thermal rupture. 
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Our experience indicates it is necessary to 
provide slow cooling facilities for all of the 
NE steels in the 8600, 8700, 8800, and 8900 series 
in sections much smaller than were given spe- 
cial attention in compositions for which they 
are being substituted. The maximum section 
which does not need special cooling precautions 
is not known by us, either for bars or for forg- 
ings, and there does not appear to be any short 
method to determine these dimensions. Unfor- 
tunately successive mill heats of the same 
chemical composition appear to vary greatly in 
their inherent susceptibility to flaking. Even in 
compositions such as X4340 (AMS6415), many 
heats may be forged into sections as heavy as 
8 in. and air cooled from the forging operation 
without thermal ruptures. To suppose, how- 
ever, that such practice can be continued with- 
out sooner or later encountering tragic results 


is utter folly. E. O. Dixon 


Chief Metallurgist 
Ladish Drop Forge Co. 
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ENGLISH CHEMICAL INDUSTRY USES 
HIGH CARBON 18-8 TI 


BILLINGHAM, Durham, England 
To the Readers of Metal Progress: 

Various articles in the American technical 
press have discussed the problem of handling 
high chromium-nickel (stainless) scrap, and 
they have been read and discussed with great 
interest in metallurgical circles in England. 
Naturally, a similar problem has arisen in this 
country. The crux of the problem, as stated in 
the paper by Hubert A. Grove in Metal Progress, 
January 1912, is the maximum carbon content. 
Any increase in the carbon permissible in the 
finished steel immediately eases the steelmakers’ 
position and goes a long way towards eliminat- 
ing the scrap problem — or, at least, postponing 
its acute recurrence until the defense programs 
of both countries are going with a swing. 

Mr. Grove draws a distinction between 
material which has to be welded and material 
which has not. Is such a classification justified ? 
Should not the former category be narrowed by 
describing it as “material which has to be 
welded and which has subsequently to serve in 
conditions of corrosion which will produce dis- 
integration effects’? One can quote cases of 
extensive use of this material in the welded con- 
dition (e.g., in airplane construction) where the 
service does not involve enough corrosion to 


cause disintegration or corrosion damage within 
the expected life of the structure. 

Such a restriction of the special category 
material would, of course, limit the necessity 
for the precautions which prevent adequate 
absorption of scrap. 

The limitations placed on carbon content 
when stainless is welded and placed in corrosive 
conditions arise, of course, from a mass of 
research and experimental work to which Amer- 
ican metallurgists have contributed splendidly. 
From the user’s point of view, the practical 
result of this work has been to show him clearly 
the cause of his early troubles and to furnish 
him with simple tests to avoid trouble with his 
present-day purchases. Quite correctly, these 
acceptance tests are severe — they are, in fact, 
much more severe than many of the subsequent 
service duties, for, like most acceptance tests, 
they provide a liberal factor of safety. In the 
normal days of peace, one used these factors of 
safety with perfect justification since they could 
be regarded as normal cover for the known 
inhomogeneities of most metallic materials. 
However, stainless, being highly worked from 
small ingots of carefully made steel, probably 
contains less “normal” inhomogeneity than most 
other forms of steel. In fact, records of many 
hundreds of casts over a period of years have 
shown few departures in corrosion and disin- 
tegration test behavior from that predictable on 
the basis of composition. 

Therefore we have, in this class of steel, a 
highly dependable material, whose special qual- 
ities are regularly reproducible. This degree of 
confidence has only been built up, of course, as 
a result of the exacting standards set in the past, 
but in the present emergency it appears advis- 
able to examine all standards to see if they are 
not unnecessarily restrictive. 

Over a period of years, we in Imperial 
Chemical Industries, Ltd., have obtained what 
would appear to be a_ satisfactory practical 
answer in purchases of 18-8 class of material. 
Our supplies, which are very large by standards 
in this country, are purchased to a specification 
which permits carbon up to 0.16. A titanium: 
carbon ratio of not less than 4!o:1 is specified, 
together with nickel and chromium in the nor- 
mal quantities for 18-8. Carbon usually is on 
the order of 0.12 to 0.14%, and every heat is 
subjected to the copper sulphate-sulphuric 
acid test devised by W. H. Hatfield. Over a 
period of vears, rejections at the suppliers’ 
works have been negligible. 
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In service, this material is used for a wide 
variety of duties in the heavy chemical industry, 
often under very severe conditions of corrosion. 
Welding is now done with a columbium 18-8 
electrode and no heat treatment of any kind is 
given to the material after full softening treat- 
ment by the producer. Stabilizing treatments of 
American origin are never used. The perform- 
ance of this material in, for instance, nitric acid 
manufacture, has been very satisfactory and our 
experience for several years has given no indi- 
cation of necessity for re-imposing more rigor- 
ous standards. 

Finally, perhaps I might be permitted to 
add that we, in this country, have been distinctly 
puzzled by the retention, in America, of plain 
18-8 welded and quenched, for severe corrosion 
duty. With the full knowledge and experience 
of immunizing elements now available, we have 
not been able to determine the justification for 
this difficult and often cumbersome treatment, 
with consequent demands on valuable high tem- 
perature heat treatment plant. We appreciate 
that certain forms of laboratory test have shown 
that correctly treated plain 18-8 has superior 
corrosion, as distinct from disintegration, resist- 
ance to certain highly corrosive media. In prac- 
tice, however, we have not found, even in our 
severe conditions, that the corrosion resistance 
of 18-8 Ti is inadequate and, in fact, in a very 
large plant, we have no record of any wrought 
fitting having to be replaced in 15 years by 
corrosion failure. 

Prep. H. KeEatine 
Chief Engineer 
Fertilizer & Synthetic Products Branch 
Imperial Chemical Industries, Ltd. 


MYTHICAL WHITE METAL 
AND OTHER SUPER-HARD IRONS 


WasHINGTON, D. C. 
To the Readers of Metal Progress: 

Legends concerning a mysterious “white 
metal” capable of imparting extreme hardness 
to steel and iron still prompt prospectors and 
inventors to submit many rocks and samples to 
the Bureau of Mines for tests. This white metal 
has proved as elusive as the Fountain of Youth 
sought by Ponce de Leon, yet persons are still 
persistent in their assertions that there is one. 

One legend states that pioneers heated the 
axles of springless wagons while in contact with 
the “white metal” and that the axles became 
“olass hard” and would wear two or three times 
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longer than ordinary axles. Another legend 
recites that wagon tires so treated would “ring 
like a bell” when suspended and struck with a 
hammer. There are several versions of these 
stories, but none apparently is based on fact. 

Various laboratories, governmental and 
commercial, at different times during the past 
30 years, have received many kinds of rocks 
(designated as ores) that are supposed to give 
remarkable properties to metals, such as mak- 
ing them hard, extremely tough, or resistant to 
corrosion. The “ores” submitted include altered 
diabase, olivine, pyroxenite, obsidian, basalt, 
amphibolite, pyritic quartzite, magnetite, tour- 
maline, sandstone and, in fact, almost every 
common rock. Most of the samples come from 
California and Nevada, but nearly all western 
states are represented. 

Persons who have found what they believe 
to be ores containing white metals usually test 
them by placing them in contact with a piece of 
iron or steel and heating them in a blacksmith’s 
forge. 

Tests by the Bureau and other laboratories, 
following specified procedures, usually have 
shown that the ores have no outstanding hard- 
ening effect, although sometimes casehardening 
resulted either from heating the metal in contact 
with carbon, or from the formation of a super- 
ficial iron-silicon alloy. Many ordinary fusible 
rocks, and even fluxes without rock, will give 
the same results. The Editor has already pointed 
out, in “Critical Points” for Dec. 1941, how a 
fire assay of any iron ore reduced with carbon 
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under a borax flux, will produce a cast iron 
button containing enough carbon and boron to 
be white and hence exceedingly hard. 

The frequent claim of “glass hardness” 
probably is due to the fact that slag adheres to 
a piece of iron or steel and is mistaken for 
hardened metal. 

Various rocks whose virtues were presumed 
to be due to their content of platinum, vana- 
dium, uranium or other rare metal had only the 
slightest traces of these metals or did not con- 
tain them at all. They were simply good fluxes 
and, as such, cleaned iron but had no power to 
alter its properties. 

It must be concluded, therefore, that the 
various unsubstantial claims that have been 
made were due to careless tests or to erroneous 
interpretations of tests. Although under certain 
favorable conditions it is possible to effect a 
hardening or alloying action or to extract metal- 
lic iron from some rocks, the difficulty of 
obtaining reproducible results and of controlling 
the composition of the alloy would make the 
practicability of such procedures doubtful. 

C. W. Davis 
Chief Engineer, Metallurgical Division 
U. S. Bureau of Mines 


FIXING BEARINGS IN STEEL SHELLS 
WITHOUT USING TIN 


CHARLESTON, W. Va. 
To the Readers of Metal Progress: 

Since the saving of tin in bearing metals is 
a matter of national importance, and since the 
method for fixing bearings in steel shells 
described in last August’s Metal Progress uses 
considerable tin (even though less than in con- 
ventional practice), we wish to make the follow- 
ing contribution from our experience: 

Lead-base alloys do not adhere satisfac- 
torily to a shell tinned with pure tin or a high 
tin alloy. Low melting point compounds of 
lead and tin may be formed at the interface, 
resulting in a poor bond under service condi- 
tions. Also, since tin is a restricted, strategic 
material, it would be better to eliminate it 
entirely from the tinning operation. 

We are at present running tests on substi- 
tute lead-base bearing alloys, and have found 
that the tinning can be done readily with a 95% 
lead, 5% silver alloy to which the lead-base 
bearing material will adhere perfectly. 

We agree that cleaning of the shells is 
extremely important, but also know from 
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experience that most of the difliculty arises 
from poor bonding between the bearing alloy 
and the tinning. 

Shells of either steel or bronze can be 
tinned by hand with the lead-silver alloy. Our 
present procedure is as follows: 

1. Heat the cleaned shell uniformly by any 
approved method — preferably from the back 
with a large torch, keeping the flame away from 
the clean face. 

2. Brush the surface thoroughly with zing 
chloride-ammonium chloride flux. 

3. Rub the surface with a stick of lead 
silver alloy until a small amount is melted off 

1. Dip a clean wire brush in flux and rub 
the molten metal vigorously over the immediate 
surface. Use more tinning alloy as needed. 

The above flux is made of 11 parts of zine 
chloride solution and 1 part of ammonium 
chloride solution to which sufficient water has 
been added to bring it to 52° Baume. 

We have used this procedure on all our test 
lead-base bearings and have always obtained a 
firm, adherent bond. The elimination of tin is 
important in view of the present shortage and 
the cost of the lead-silver alloy is actually less 
than that of 50-50 tin-lead solder. 

WaALTerR Coopey 
Engineering Manager 
Ammonia Department, Belle Works 
E. I. du Pont de Nemours & Co 


This Illustration for R. S. Dean's Statement About Direct Ir 
1040, December 1942) Arrived Too Late for Publication. It s 
firing hood for the experimental kiln at Las Vegas Experiment 
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Factors Whereby Basic 
Strength of Iron (36,000 
Psi.) May Be Multiplied to 
Find Ultimate Strength of a 
Normalized Steel, Knowing 
Its Chemical Composition 
(Francis M. Walters, Jr.) 








Oa) Qe 03 04 O 05 10 Is 
Alloying Elements, Per Cent 


20 2 80 35 











COMPUTING STRENGTH OF 


THOSE WHO NEED TO COMPUTE physical 

properties from chemical composition rather 
than determine them experimentally can now 
add a pair of diagrams to their notebooks show- 
ing the influence of the common alloving ele- 
ments on the tensile strength of normalized 
steel. They have been derived statistically by 
Francis M. Walters, Jr.. of Naval Research 
Laboratory, and published by the A.I.M.E. in 
Technical Publication No. 1532. Original data 
are a large number of laboratory tests on 
families of steels. Like Grossmann’s methods 
for computing hardenability, the scheme 
assumes that each alloy in turn affects the basic 
strength of 36,000 psi. for pure iron by a char- 
acteristic factor, scaled from the curves. Take 
a nickel-copper steel as an example: 


LETTER ON 


ALLOY CONTENT FAcror DIAGRAM 
Cc 0.14% 1.41 A 
Mn 0.98 1.23 B 
Si 0.09 1.02 
Pp 0.003 in 
Ni 2.03 1.17 D 
Cu 1.06 1.16 E 


NORMALIZED 


STEEL FROM ITS ANALYSIS 


A normalized bar of such a steel should test 
36,000>< 1.41 1.23 1.02 1.17 1.16 — 87,100 psi. 
Actually it tested 85,000, 

Antiquarians may consult H. H. Campbell's 
“Manufacture and Properties of Iron & Steel”, 
first published in 1896, for a formula for the 
strength of basic steel as follows: 

11.500 + 770C + 1000P + M+R 

where C and P are carbon and phosphorus con- 
tents in points (units of 0.01°), M is a figure 
taken from a table for the effect of manganese 
(which was supposed to vary with carbon con- 
tent), and R is “a variable to allow for heat 
treatment”. Note that silicon is not supposed 
to affect the result (and silicon is also missing 
in a companion formula for acid steel) and in 
those days seldom or never appeared in the 
chemical analysis. Computation of two hot- 
rolled carbon steels noted in the A.I.M.E. pub- 
lication gives pretty good checks: 


WaLTers’ CAMPBELL’S 


No. ACTUAL FoRMULA FoRMULA 
1B 55,300 psi. 53,800 52,400 
11B 69,100 70.000 70.300 


Vetal Progress; Page 76 








% 
a 


et ee ee 





a ee ee ee 





Since the supply of alloying ele- 
ments available to the steel 
industry changes rapidly, due to 
fluctuating imports, variation in 
demand as ordnance materials 
are changed, lend-lease exports, 


and local production and scrap 
returns, the availability and even 
the composition of the National 
Emergency steels are also sub- 
ject to sudden change. Conse- 
quently the alert ASMember, in 


making the correct applications 
of these new steels, must rely on 
fundamental metallurgical prin- 
ciples, as expounded in these 
papers presented at one of the 
@ Meetings on War Products. 

















METALLURGICAL ASPECTS 


OF THE NATIONAL EMERGENCY STEELS 











END-QUENCH TEST 
and ITS APPLICATION 


BY WALTER E. JOMINY 
Chief Metallurgist, Dodge Chicago Plant 
Division of Chrysler Corp. 


URING THE PAST YEAR two socicties have adopted 

a standardized method for making the end-quench 
test for hardenability. The Society of Automotive Engi- 
neers adopted a standard method the early part of the year 
and the American Society for Testing Materials adopted a 
tentative method shortly thereafter. The methods agree 
in their essential parts each to each, and to the method 
used by the “Steel Standardization Group” and printed in 
Metal Progress, December 1941, page 911. Perhaps the 
greatest divergence lies in the method of plotting the 
results; the S.A.E. suggested plotting the results on a 
modified logarithmic seale whereas the A.S.T.M. agreed 
to use linear coordinates in a printed form. The method 
of recording results is, of course, very unimportant except 
that it is desirable to have a uniform method so that we 
do not misunderstand one another in examining harden- 
ability curves. 

Quite a large number of tests have been made by 
independent workers at laboratories located in many of 
the larger plants. These tests have shown that it is pos- 
sible to get good duplication of results with the stand- 
ardized methods, test piece and fixture shown in the 
adjoining sketch. Although it has been found that rather 
wide variations in the test conditions can be tolerated, it 
is quite easy to carry out tests as laid down in the standard 
methods and it would be well for those who are making 
hardenability tests to read these over carefully so that a 
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standardized method of making the test will 
be used, and possible errors due to modifica- 


tions can be avoided. Perhaps the most 


January, 1943; Page 77 



































NE 8620; 6 Heats 
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likely error to be made would be to obtain a tight 
scale on the test piece due to heating in certain 
atmospheres, and non-uniform cooling would 
result from the presence of this scale. It is only 
necessary to keep the scale off the face which will 
be struck by the water jet and on the sides of the 
specimen near this surface. 

There is one deviation from the standard 
method that is such a convenience that it is com- 
monly used. This is in the matter of size of test 
specimen. It will often be impossible to use the 
l-in. round specimen, as when a *,-in. bar size is 
received, and it may not be convenient to machine 
a 1‘42-in. round to 1 in. Although these odd sizes 
can be used in routine testing and will be quite 
satisfactory, the resulting hardnesses are not to be 
compared with l-in. round standard size speci- 
mens. In the range from °s to 144 in. hardness 
variations will not usually be very great. There 
are exceptions with certain steels and so the pre- 
caution just voiced —- of carefully noting that any 
size but 1 in. is not standard — should be followed. 

Where for convenience no machining is done 
on the bars it may be necessary to grind flats 
deeper than 0.015 in. to get below the decarbu- 
rized zone when making the hardness survey. No 
difficulty or appreciable error will result when this 
is done, even though up to ‘sx in. is removed by 
grinding, except that the heat generated in grind- 
ing may temper the surface if due care is not exer- 
cised. (This last remark does not apply, of course, 
to carburized bars.) 

For some reason the test seems to be very sel- 
dom used on steel in the carburized condition. If 
the steel is to be used in the carburized condition, 
I have found it worth while to make the test after 
carburizing the test piece. Hardenability both of 
the case and the core can then be obtained by first 
grinding off 0.015 in. and measuring the harden- 
ability of the case, and then removing all the case 
by grinding deeper and obtaining the hardenability 
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| NE 8630; 8 Heats 
Element Spell High Low Average 


60 C 028-033 a3 O27 229 
| Mn 070-090 088 078 O82 

Cr 040-060 Q57 O47 Qs 
Ni 040-060 O56 040 Q50 
Mo 015-025 Q25 O18 Qa 
Quench:  16OO°F 1500 1550 
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of the core. Commercial heats which will give 
trouble from soft spots or insufficient hardness on 
the carburized surface may be discovered and 
re-scheduled by this means. 

There are two points to consider in interpret- 
ing the test which I should like to mention briefly; 
one is the comparison of steels of various carbon 
contents, and the other is the interpretation of the 
meaning of the hardenability test. 


Comparing Steels of Various Carbon Contents 


In comparing steels of different carbon con- 
tents it should be borne in mind that the carbon 
has a double function. One is to increase the hard- 
enability of the steel and the other function is to 
increase the hardness of the steel. Its effect on 
hardenability is relatively small; its effect on 
hardness is relatively great. When we remember 
that the measure of hardenability by this end- 
quench test is the distribution of hardness along 
the sample, the effect of carbon must be carefully 
considered. A hardness, for instance, of Rockwell 
C-40 in a 0.90°% carbon steel has an entirely dif- 
ferent meaning from that same hardness in a 
0.12% carbon steel. An entirely different micro- 
structure is indicated in these two cases. This is 
important for there is a general tendency to 
increase the carbon as we decrease the alloy in an 
attempt to find alternate steels. Steels which have 
approximately the same hardenability curves but 
differ in carbon content really do not have the 
same microstructures as quenched or as tempered, 
nor do they have the same hardenability so they 
cannot be substituted for each other indiscrimi- 


nately. 




















NE 8739; 10 Heats 
Speci High Low Average 
C 035-040 04 037 041 
Mn 070-090 088 
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ir Corps as a substitute for the latter for aircraft com- 
onents (provided the requirements for model tests are 
atisfied). Note that the width of the “hardenability 
and” for S.A.E, 4130 as commercially produced is actu- 
lly wider (the steel is more variable) than for NE 8630 
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Interpreting the Hardenability Test 


With most new tests, attempts are made to 
read more into the results obtained than is justi- 
fied. The hardenability test is no exception. We 
should remember that it will tell only what hard- 
ness will tell. 

It is true that the end-quench hardenability 
test was developed for the very purpose of testing 
new steels to determine whether they can be used 
as substitutes for steels which are of proven qual- 
ity. Two examples were given in detail for the 
selection of gear steels in my article on “Com- 
mercial Aspects of Hardenability Tests” in Metal 
Progress, November 1940, page 685. The end- 
quench test is very satisfactory as a first approxi- 
mation, in my opinion, because it eliminates the 
necessity for making up parts and hardening these 
parts, then determining whether or not the hard- 
ness in the parts at the surface, at the center, and 
through the hardness traverse is satisfactory. A 
great deal of time and effort is saved in using the 
test in this manner. 

The first step of making a substitution or find- 
ing alternate steels is to ascertain the hardenability 
of the two steels and if their hardenabilities are 
Similar the possibility of a substitution is indi- 
cated. However, this is only the first step and 
other tests need to be made to confirm the desir- 
ability of the new steel. I have no data nor have 
I seen any data which would indicate that two 
Steels with the same hardenability will have the 
same tendency to flake, or the same machinability, 
or the same resistance to wear, or the same resist- 
ance to impact, or even the same resistance to 
fatigue. It seems to me that they should have the 
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same tendency to distort, although this is far from 
established. We do know that steels with the 
same hardness will have the same approximate 
tensile strength and should therefore have the 
same resistance to fatigue, but these relationships 
are very approximate and it is much better not to 
take too much for granted. 


PLANNING HEAT 
TREATMENT BY S-CURVES 


BY R. L. RICKETT 
Research Laboratory 
United States Steel Corp. 


T WILL BE NECESSARY to assume some famil- 

iarity with isothermal transformation dia- 
grams, or “S-curves”, and their interpretation. 
These diagrams are described in a number of 
papers dealing with the subject which have 
appeared from 1930 to the present, particularly in 
the Campbell Memorial Lecture for 1939 delivered 
by E. S. Davenport, and abstracted in Metal 
Progress in November of that year. 

It may be helpful, first, to consider a few gen- 
eral features of these diagrams. The transforma- 
tion of austenite at constant temperatures below 
that at which it is stable may be represented on a 
temperature-time chart by a pair of curves which 
show the virtual beginning and end of transforma- 
tion and, if desired, by curves representing any 
intermediate amount of transformation. To this 
diagram, information as to the nature of the 
transformation product may be added. Even if 
such information is not given on the chart, those 
familiar with the subject can usually deduce from 
the transformation behavior the type of structure 
formed at any particular transformation tempera- 
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ture, in a steel for which the S-curve is available. 
The hardness resulting from transformation at 
various temperatures is usually given on the chart 
also; these hardness values give a rough idea, at 
least, of the other mechanical properties to be 
expected, 

To summarize then, the following information 
may be derived from the isothermal transforma- 
tion diagram of a steel: 

First: The time necessary for a measurable 
amount of isothermal transformation to begin, and 
the time necessary for transformation to become 
substantially complete at any particular constant 
temperature. 

Second: The type of transformation product 
or products formed at a particular temperature. 

Third: The hardness and some idea of the 
other mechanical properties of the steel after 
transformation. 

One other point regarding use of the S-curve 
should be mentioned. As ordinarily determined, 
these curves portray the course of transformation 
at constant temperature (isothermal transforma- 
tion). Practical heat treating operations usually, 
but not necessarily, involve continuously changing 
temperatures, and sometimes this temperature 
change is extremely rapid. An isothermal trans- 
formation diagram may still be used in a qualita- 
tive way to interpret what happens under such 
cooling conditions. If more precise information 
is required, it is necessary either to determine the 
transformation diagram for different cooling rates, 
or to derive such a diagram from the isothermal 
S-curve. The relationship between the cooling 
transformation diagram and the isothermal dia- 
gram has been discussed in the technical literature, 
particularly by R. A. Grange and J. M. Kiefer of the 
U.S. Steel Corp.’s Research Laboratory in Transac- 
tions &, March 1941, page 85. It will be sufficient 
for the moment to say that the curves of the cool- 
ing transformation diagram lie somewhat below 
and to the right of the corresponding portions of 
the isothermal diagram. 

A few examples will be cited to show some of 
the ways in which isothermal transformation dia- 
grams may be useful in connection with heat treat- 
ing operations. The small diagram used here, by 
way of illustration, happens to be one for S.A.E. 
1140, but for the purpose of this discussion almost 
any alloy steel diagram could be used equally well. 
A large diagram for this steel, showing micro- 
structures, has appeared as a data sheet in Metal 
Progress, October 1941, page 517. 

First, suppose we want to know the harden- 
ability of the steel. A measure of hardenabil- 
itv is the time before transformation starts at the 
upper temperature of relatively rapid transforma- 
tion, or “nose” of the curve about 900° F. for 
this steel since transformation must be avoided 


on cooling through this range, if full hardening is 
to be attained. As yet no quantitative relationship 
between this time value (about 2.5 sec. for this 
particular steel) and depth of hardening has been 
worked out. However, by comparing the diagram 
for a new steel with those for steels with which 
practical heat treating experience has previously 
been gained, a good idea of the hardenability of the 
new steel may be obtained. There are, of course, 
a number of direct empirical methods of measur- 
ing hardenability, one of which has just been 
described by Mr. Jominy. 

As another example, we will assume that we 
do not want to hold the steel in the quenching bath 
until it is completely cold, but only long enough 
so that it will harden to some designated depth if 
subsequently cooled at some slower rate for 
instance, in air. Reference to the accompanying 
illustration shows that if a piece of the S.A.E. 4140 
steel to which this particular diagram applies is 
cooled rapidly in the quenching bath until the 
selected location is below 800 to 900° F., the piece 
will harden to this depth even if then removed 
from the bath and cooled slowly thereafter. Such 
a procedure may be used to minimize cracking or 
to enable the part to be straightened while it is 
still largely austenitic and ductile. 

Information derived from S-curves may be 
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applied directly to the heat treatment of steel by 
the patented isothermal transformation process 
known as austempering. Information on this proc- 
ess may also be found in the technical literature. 

In the foregoing examples we have been inter- 
ested in hardening the steel. It is equally impor- 
tant to know how to avoid hardening when such 
hardening is not desirable, and in this connection 
the isothermal transformation diagram may be 
useful. For example, it will tell us, qualitatively 
at least, how slowly we must cool to avoid the 
formation of hard transformation products and to 
what temperature retarded cooling must be con- 
tinued. Note particularly the “waist” at 1200° F. 
in the diagram. If a soft structure is desired, it 
may be possible to cool fairly rapidly to this tem- 
perature, then hold at the temperature of the 
“waist”, or cool slowly through this temperature 
range until transformation is complete, and then 
again cool rapidly. Such a cycle, if feasible, is 
much faster than one in which the charge is cooled 
very slowly all the way down, as in most annealing 
operations. 

In many instances, microstructure may be as 
important as hardness; for example, a large 
amount of ferrite may be objectionable for some 
machining operations. The diagram shows, even 
without the photomicrographs, that if a hardness 
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Isothermal Transformation Curves for Mn-Mo Steel 
(Similar to NE8442 Except Higher in Manganese) 
- Research Laboratory, Climax Molybdenum Co. 











of C-30 or below is obtained by direct cooling, con- 
siderable ferrite will be present, probably as a net- 
work. To avoid formation of a ferrite network in 
such a steel it would be necessary to quench, then 
temper to the desired hardness. 

Many other examples could be mentioned of 
the way in which information given by the isother- 
mal transformation diagram can be used to obtain 
the particular type of microstructure desired. 

It may be objected that the foregoing exam- 
ples have been entirely qualitative. This is true, 
but as one gains experience in the use of such 
diagrams in connection with a particular heat 
treating operation, it becomes possible to use them 
in a fairly quantitative manner. Probably their 
greatest usefulness, however, comes from the gen- 
eral over-all picture they give of transformation 
behavior. With this knowledge, many observed 
phenomena, which otherwise might appear weird 
and mysterious, can be interpreted on a rational 
basis. The ability to make such a rational corre- 
lation of his observations is not only very comfort- 
ing to the harassed and perspiring metallurgist, 
but, more important, it enables him to plan more 
intelligently the steps he must take to solve his 
problems or to avoid certain difficulties and pitfalls 
in the first place. 

The general relationships which have been 
discussed apply regardless of the type of steel, and 
one who can use isothermal transformation dia- 
grams in connection with the heat treatment of 
carbon steel, or the S.A.E. alloy steels, can use 
them equally well in connection with the NE steels. 
Very few diagrams for the latter are available as 
yet; the only one we know of that has been pub- 
lished is for a manganese-molybdenum steel 
approximating NE8442 in composition (except 
that manganese is above the 1.30 to 1.60 specified 
range) determined at the laboratory of the Climax 
Molybdenum Co. and published in Metal Progress 
for December 1941, [reproduced to small seale, 
without micros, in an adjoining column). It is to 
be expected that curves for the other NE steels 
will show a displacement to the right at the “nose” 
which is commensurate with the hardenability of 
the steel, and that they will show a “bulge” in the 
100 to 1200° F. region, particularly in the * 
transformation” line, which will depend in mag- 
nitude upon the chromium and molybdenum 
content of the material. They should resemble 
the curves for S.A.E. steels of similar carbon con- 


‘end-of- 


tent, similar hardenability, and composed of ele- 
ments which influence the shape of the curve in 
the same manner as the elements in the NE steel. 
Certainly, none of them should exhibit any new 
or unusual behavior which would make them 
respond to heat treatment in a manner essentially 
different from the old and well known steels they 
are intended to replace. 
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SHOP PERFORMANCE OF 
NE STEELS 


BY GLEN C. RIEGEL 
Chief Metallurgist 


N ALL PROBABILITY, the engineers and metal- 

lurgists who have to cope with the present 
conditions of stringency in both carbon steel and 
its common alloys, are anxious to learn what has 
been the experience of others under the same cir- 
cumstances. 

Having advocated, as early as October 1938, 
the use of residual alloys in steel manufacture for 
application in our products requiring deep harden- 
ing steels, Caterpillar Tractor Co. quickly began 
the testing of mill heat quantities of the NE steels 
even before they had been coded with NE symbols. 
Our first three mill heats were on order the day 
after the attack at Pearl Harbor. Since that time, 
our firm has consumed, in various items of its 
product, in excess of 60 mill heats of NE alloy 
steels. (Through August, 1942, a survey showed 
that there had been made a total of approximately 
125 mill heats of NE alloy steels throughout the 
country. ) 

We have applied the following types as alter- 
nates for the standard S.A.E. compositions: 
NE8024, 8447, 8620, 8630, 8724, 8739, 8744, 8749, 
8817, and 9460. All of these mill heats were sub- 
jected to the Jominy or end-quench test, tension 
test, notched bar impact test (generally the key- 
hole Charpy type), cold bend test, and production 
tests of forging, annealing, machining, hardening, 
and the accompanying evaluations of distortion. 

NE8024 (Mn-Mo) was used in place of the 
former S.A.E. 3115 (Ni-Cr). Its annealed hardness 
ranged from 1438 to 170 Brinell. Little distinction 
between the machinability of this new material 
and that of the former S.A.E. steel could be 
noticed. Hardness as-quenched on carburized 
specimens ranged from Rockwell C-57 to 65; hard- 
ness when tempered at 360° F. for one hour ranged 
between C-57 and 61. 

Much difficulty was encountered with NE8447 
when it was hot rolled to shafting sizes; it was 
then too hard to shear well, the Brinell hardness 
being as much as 363. This analysis also gave 
trouble with quench cracking when oil hardened; 
we were finally compelled to time-quench spline 
shafts in hot oil. The physical properties after 
tempering to 800° F. were comparable to those 
obtained from S.A.E. 3250 (Ni-Cr). When tem- 
pered at 1000° F. the Brinell hardness was 302 to 


341 and when tempered at 1180° F. the hardness 
was about 269. For these reasons, we have been 
reluctant to use the high manganese, higher molyb- 
denum combinations of the NE steels. Series 8200 
to 8500 have therefore disappeared from our speci- 
fications, both on account of the difficulty in hard- 
ening from the finishing temperature in hot rolling 
or forging, and also because of the high content of 
strategic molybdenum. As a matter of fact, 
NE8447 with which we worked has been dropped 
from the latest list of available steels, 8442 being 
the highest carbon available, and it is recom- 
mended only for large sections. 

The 8600 (Ni-Cr-Mo) series has proved very 
satisfactory, NE8620 being an excellent alternate 
for S.A.E. 4615 or 4620 (Ni-Mo). The machin- 
ability is equally good and the hardness of car- 
burized parts, as quenched, ranged from C-57 to 
67, the latter being somewhat harder than we 
obtained on the S.A.E. 4615 and 4620, as quenched. 
When tempered to 400° F. the hardness range was 
Rockwell C-57 to 60. NE8630 has also fulfilled 
the requirements formerly specified for S.A.E. 4130 
(Cr-Mo); in fact, it showed higher notch toughness 
and cold bend at Rockwell C-50 than either S.A.E. 
$1130 or 3130 (Ni-Cr). 

NE8724 (Ni-Cr-Mo) has been employed as an 
alternate for S.A.E. 4820 (high Ni-Mo). Our first 
experiments with these new analyses led us to the 
conclusion that slightly higher molybdenum was 
required for the same penetration of hardness and 
core properties of heavy-sectioned gear teeth. 
Accordingly, we have adopted a modified practice 
which tends to keep the molybdenum near the 
maximum specified for this grade (0.20 to 0.30% ) 
in order to be interchangeable with S.A.E. 4820 
steel in our applications. Annealed hardness of 
NE8724 ran from 148 to 187 Brinell, but when 
its annealed hardness became softer than 156 the 
machinability became poor — that is, poor finish 
was encountered on gear teeth made on Gleason 
and Fellows shapers. In the range of 163 to 187 
Brinell, the machinability was found to be superior 
to S.A.E. 4820. The hardness of this steel after 
carburizing and quenching ranged between Rock- 
well C-57 and 67. After tempering at 409° F. the 
hardness ranged between C-57 and 62. Slightly 
more distortion was encountered on this NE grade 
than was experienced on S.A.E. 4820 due, possibly, 
to the higher hardening temperature. 

NE8739 has been used as an alternate for 
S.A.E. 3140 (Ni-Cr) and has given an excellent 
response, both in heat treating and machinability. 
NE8744 has been used as an alternate for S.A.E. 
3240 (Ni-Cr), 2340 (342% Ni) and 2345. When 
the manganese is kept toward the middle to the 
high side of the specified range (0.70 to 0.90%) 
the hardenability as measured on the Jominy end- 
quench test is equivalent or superior to either of 
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Fixture For End-Quench Test Mounted Conveniently Between Small 
Note that water jet hits lower end of specimen only, 
sand sprays out sideways. (Courtesy Joseph T. Ryerson & Son, Inc. 


Furnaces. 


the S.A.E. steels mentioned. Notch toughness and 
vield strength in the same hardness range show no 
unfavorable comparisons with the S.A.E. 3240, but 
are slightly below those of the S.A.E. 2345. 
In all of these applications, it might be cited 
that notch toughness tests were conducted at both 
79 and ae 8s 


values derived from the keyhole type 


and are based on the foot-pound 
of Charpy 
specimen. Rarely did the values drop more than 
25 at 20° F. as compared with those obtained 
at 75° F. It also should be said that all of the 
steels discussed were made to fine-grained practice, 
and measured A.S.T.M. grain size 5 or finer. 

Of the few heats of NE8749 with which we 
have had experience, the annealed hardness ranged 
from Brinell 207 to 217. 
annealed and tempered state was almost identical 
that of S.A.E. 4150 (Cr-Mo). 
in ‘2 to 2-in. sections 


Brinell 555 to 6OO1. 
obtained after one hour at tempering temperature 


Machinability in the 
with Hardness as 


quenched ranged from 


The following hardnesses were 


700° F. Rockwell C-47 to 48 
820° F. Rockwell C-41 to 44 
900° F. Brinell 363 to 388 
1140° F. Brinell 269 to 277 


In conclusion, it should be pointed out that 
the elfTect of 
small additions of alloys enhances steel by heat 
that at half of 
the alloy formerly used under the old S.A.E. com- 


cumulative proper percentages ol 


treatment to such an extent least 
positions can undoubtedly be saved and give steels 
which, by every laboratory and shop means of 
appraisal, are substantially equivalent to the older 
steels. While service experience will take much 
longer to accumulate, we have no doubts at all on 


this score. 
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PROPERTIES 
OF NE STEELS AT 
ROOM AND SUBNORMAL 
TEMPERATURES 


BY JOSEPH H. JONES 
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— METALLURGICAL ASPECTS of NE steels 
are improving daily. We are already doing 


that which seemed impossible only a short time 
ago and have found these new steels with minor 
amounts of chromium, nickel and molybdenum are 
capable of fulfilling every reasonable expectation 
In many have successfully replaced 
such types as S.A.E. and A.LS.1, 2912, 4820, 1340 
Mr. Riegel has just testified 


as to his broad experience in this direction. Success 


cases they 
and other high alloys. 


may be partially due to a reserve of knowledge and 
experience built up in this country which is equiv- 
alent to a sizable amount of alloy in our construc- 


tional steels. Many who draw on this reserve fail 


to fully appreciate its worth. 
The best engineer I ever knew once said that 
when a unit of knowledge is put into the design or 


fabrication of a mechanical unit, a unit of mate- 


rial or weight can be taken out American engi- 


neers have been contributing knowledge resulting 
in better designs, machine tools, and inspection 
the 


including steel makers, have con- 


facilities, and manufacturing departments, 


tributed precision and uniform- 


ity to a point where it is now 


apparent that designs, materials, 
fabricating have 


and processes 


been improved to a far greater 


bs 
fe 


extent than weight or alloys have 
out. Or, 


have improved 


been taken putting it 


another way, we 
designs and processing procedure 
to the extent that we now have il 
dividend coming. Thus, the alloy 
content of the steel can, in many 


cases, be reduced without harm 
This 


responsible for the success of the 


undoubtedly is partially 


lean replacing 
S.A.E. high alloy grades 
Republic Steel 


oratory done 


NE analyses in 


lab 


considerable 


( orp. s 
has 
investigation on the actual phys- 
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tures, especially the Ni-Cr-Mo grades (NE8600, 
8700 and 8900 series) both oil hardening and car- 
burizing. Preliminary figures on six heats in these 
three groups were printed in Metal Progress for 
June 1942. We have also tested one heat of 9430. 
The physical properties developed are comparable 
to those of the S.A.E. or A.LS.1. grades they are 
intended to replace. 

This is not surprising when we remember that 
the NE steels are fine-grained steels produced by 
the best alloy practice known to the industry, and 
that they were designed to equal the hardenability 


even at 555 Brinell hardness. To bring out this 
point we have compared the physical properties of 
NE9440, 8739 and 9540 with S.A.E. 4145, 4645 and 
3245, all treated in 0.530-in. and tested in 0.505-in. 
round tensile pieces and 0.394-in. square and 
notched Izod test bars. All were oil quenched from 
optimum temperature and drawn at 400° F. to 
approximately 555 Brinell. Values for the S.A.E. 
steels were taken from “Possible Alternates for 
Nickel, Chromium and Chromium-Nickel Construe- 
tional Alloy Steels”, published by American Iron & 
Steel Institute as No. 5 in the series of “Contribu- 


Table I— Analyses and Critical Temperatures of Commercial Heats Tested 





CHECK ANALYSIS 
NE Sree. 


¥ MN p S Si 
8620 (b) 0.19 0.80 0.015 0.015 0.2% 
8630 | 0.30 0.80 0.014 0.015 0.25 
8640 0.43 0.85 0.016 0.013 0.29 
8739 0.41 0.86 0.015 0.019 0.31 
8749 0.54 0.83 0.015 0.015 0.23 
8817 0.19 0.86 0.013 0.015 0.29 
8949 0.49 1.10 0.018 0.015 0.27 
9420 0.21 0.95 0.016 0.010 0.53 
9440 0.41 1.18 0.015 0.010 0.50 
9540 0.41 1.32 0.015 0.011 0.48 | 





NI 


0.46 
0.42 
0.41 
0.46 
0.46 
0.48 
0.52 
0.26 
0.32 
0.42 


CriticaAL TEMPERATURES; ° F. (a) 


Cr Mo Ay Ac AR AR: 
0.52 0.22 1340 1530 1415 1270 
0.49 ).22 1350 1470 1360 1220 
0.44 0.16 1350 1410 1270 1210 
0.47 0.26 1350 1450 1300 1180 
0.52 0.27 1340 1420 1240 1210 
0.49 0.35 1380 1520 1420 1300 
0.51 0.38 1350 1420 1270 1280 
0.38 0.15 1340 1510 1390 1270 
0.31 0.13 1350 1425 1290 1190 
0.63 0.17 1360 1450 1320 1200 








(a) Heating and cooling rate is 250° F. per hr. 
(b) Or low 8720. 


of the grades they are to replace. When this is 
accomplished it is interesting to note how closely 
the physical properties match the pre-war steels. 
This is especially true with oil hardening grades 
quenched and drawn back to around 200 to 450 
Brinell hardness. (Incidentally this hardness range 
covers a wide field of application for oil hardening 
steels.) Little trouble should be encountered in 
changing from an old alloy to an NE steel if it 
falls in this hardness range, because the physical 
properties follow the tensile strength closely, and 
tensile strength is determined chiefly by hardness 
in this range. 

It is granted that a high nickel steel will prob- 
ably have better impact resistance at high hardness 
than a carbon steel of the same hardness, but the 
NE steels are not carbon steels, and the advantage 
of high nickel is not as great as might be expected 


Ar,and Ar, points should not be used in annealing cycles. 


tions to the Metallurgy of Steel”, and represent 
average manufacturers’ values. (See Table II.) 

These values do not indicate any great differ- 
ence between ihe six different grades when tested 
at approximately 555 Brinell hardness, which is 
about their full hardness. Table II] compares 
oil hardening Cr-Ni-Mo NE grades with A.LS.1. 
and S.A.E, analyses at 300 and 400 Brinell. 

Low temperature impact results on the NE 
grades (Table IV) show them to compare favorably 
with the older steels when quenched and drawn 
to approximately 400 Brinell hardness. Conven- 
tional S.A.E. steels gave impact values of 8 to 19 
ft-lb. at —50° F., and the NE steels gave 12 to 20 
ft-lb. at —65° F. While this indicates a slight 
margin in favor of the NE steels, these are individ- 
ual heat results and not averages; however, the 
figures at least indicate that no great difference is 


Table I! — Equivalence of NE and S.A.E. Steels in Fully Hardened Condition 














NoMINAL COMPOSITION TENSILE Bars Izop Bars 
STEEL ; : : a 

Mn St Cr Nt Mo Ututimare Yretp~ Enona. (2 1x.) Repucrion Harpness” Fr-Le. HarpNess 
NE 9440 1.00 0.50 0.30 0.30 0.12 298,000 283,000 9.5 30.9 555 14,16 555 
NE8739 0.80 0.25 0.50 0.50 0.25 282,500 260,000 8.5 29.2 555 1.4 555 
NE 9540 1.35 0.50 0.50 0.50 0.20 295,500 272,500 9.5 32.5 555 21, 22 555 
S.A.F. 4145 0.90 0.25 1.00.2... 0.20 270,000 235.000 28.0 555 8 555 
S.A.E. 4645 0.70 .0.25.... 1.800.225 268,000 230,000 38.0 534 16 555 
S.A.E. 3240) 0.50 0.25 1.00 1.80.... 274,000 240,000 37.0 555 11 555 
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to be expected between the old and the new steels 














at low temperatures. Table IV —Notch Toughness (Ft-Lb.) of Steels 
There has been some question relative to the at Sub-Zero Temperatures 
effect of the high silicon content on impact figures = - 
in the 9400 and 9500 series. Our tests to date have Hie Ak TeMPanaTuns oF TEst HARDNESS 
not shown brittleness on these grades with the oo 0° F. —25° F.'—50° F. —65° F. °F PIRCES 
exception of quenched samples drawn at 600° F., omens com | oak roa leahtnaes 
which show a slight drop in impact values similar NE8739 979 24.4 atthss 20.5 | 401to 415 
to S.A.E. chromium steels when drawn at this tem- NE8749 290) 14.1 i 15.8 415 te 429 
perature. It is recommended that this range be NE 8949 19.2 16.9 a 20.5 429 to 429 
avoided in tempering or drawing, just as it was NE 9430 11.0 13.0 ue 12.0 388 to 401 
on 5140 and similar analyses. Since there is so NE 9440 18.0 19.2 .... 14.7 401 to 401 
little oceasion to draw at 500 to 700° F. this limita- sip gy A pop Bey ap — wa 
: tj . ; 4 4 A.TSede . wae ” a) eves ‘ 
tion should not constitute a serious objection to ero a oe ae es 429 
the analysis. A.LS.1.4065 13.0 11.5 105° .... 444 
One final point: In making substitutions I A.LS.1.4145 15.0 13.0 11.5 ane 407 
would again emphasize the recommendation that A.LS.1. 4150 10.0 7.0 8.0 ee 429 
the suggested equivalents, as listed by the Ameri- A.LS.1. 4340 21.0 20.0 18.0 | .... 415 
can Iron & Steel Institute, should be tried, rather A.LS.1, 6150 22.0 | 20.5 19.0 abo 387 
than go to a steel with a higher carbon content. (a) NE steel samples were quenched and drawn to 
Otherwise excessive hardenability will lead to approximately 400 Brinell in finished state. 45° Vee 
unnecessary trouble in fabrication. notch, 0.079 in. deep. 


Table Ill — NE and A.LS.L. Steels Compared at Hardnesses of 300 and 400 Brinell (a) 














TENSILE Bars Izop Bans 
STEEL 
ULTIMATE YIELD ELonaG, (2 IN.) REDUCTION HARDNESS Fr-Ln. HARDNESS 
Oil Quenched and Drawn in 1-In. Rounds to About 300 Brinell 
NE 8640 144,500 121,000 16.3 16.3 302 43,45 302 
NE8739 148,500 132,000 16 57.3 321 49, 50 302 
NE8749 145,000 127,500 17 53.3 311 54,54 321 
NE 8949 151,000 133,500 18 57.3 321 54,55 302 
NE 9440 156,500 144,500 16 53.4 302 36, 38 311 
NE9540 151,500 136,000 16.5 51.9 321 47,48 302 
A.LS.1. 2345 140,000 130,000 ~ 59 300= 40 3002 
ALLS. 3145 150,000 127,000 Pa 5D 300+ 47 3004 
A.LS.1. 3240 145,000 121,000 - 58 3002 58 3004 
A.LS.1. 3340 150,000 130,000 be 55 300 50 3002 
A.LS.1. 4140 155,000 130,000 oa 59 300> 55 3002 
A.LS.1. 4340 150,000 129,000 - 60 300 73 3002 
A.LS.1. 4640 148,000 125,000 — 57 300 5 S002 
A.LS.1. 5150 150,000 136,000 - 59 300 D5 3002 
A.L.S.1. 6140 145,000 136,000 & 56 3002 74 3002 
Oil Quenched and Drawn in 1-In. Rounds to About 400 Brinell 
NE 8640 203,200 171,500 11.0 40.2 415 13,15 101 
NE 8739 200,500 179,000 10.5 46.3 415 20, 21 415 
NE8749 205,000 183,500 12.0 41.9 415 16,17 415 
NE8949 192,000 172,500 13.0 47.8 415 15,15 415 
NE9440 199,500 179,500 2.5 43.4 388 15,17 375 
NE 9540 183,000 168,000 12.0 49.2 401 21, 23 388 
A.1.S.1, 2345 195,000 180,000 ee 44 100+ 18 1002 
A.LS.1. 3145 208,000 180,000 11.0 43 400 11 4002 
A.LS.1. 3240 200,000 176,000 eae 47 400> 21 1002 
A.LS.L. 3340 219,000 188,000 14.5 48 400> 14 400% 
A.LS.1. 4065 196,000 175,000 vara 38 400> ii 4002 
A.LS.L. 4140 215,000 185,000 10.5 45 400> 11 100% 
A.LS.1. 4340 205,000 185,000 14.0 51 4100> 14 1002 
A.LS.L. 4640 196,000 178,000 ap 49 400> 23 100+ 
A.LS.1L. 5150 200,000 175,000 eae 49 400> 17 4002 
A.LS.1. 6140 195,000 185,000 12.0 52 400 18 4002 
(a) In this and other tables, results are for single diagrams contained in “Contributions to the Metallurgy 
heats of NE steels, as made and tested by Republic of Steel”, No. 5, published by the American Iron & 
Steel Corp. Values for A.LS.1. steels were scaled from Steel Institute. 
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CARBURIZING GRADES 
OF NE STEELS 


BY T. A. FRISCHMAN 
Chief Metallurgist 
Katon Mfg. Co., Axle Division 


| URING normal times any new steel required 

a lengthy experimental and development stage, 
so long that they took five to ten years to reach 
wide popularity, and would be referred to even 
then as “newcomers”. With this fact in view, the 
NE steels were just about formulated overnight. 
Actually, however, their analyses were based on 
sound reasoning based on experience with the 
more highly alloyed steels, and warranted releases 
involving large tonnage as soon as physical prop- 
erties were checked on small heats from induction 
furnaces. 

The manganese-molybdenum steels of the 
NE8000 series with manganese over 1.00% are not 
really new. They had been used long before this 
emergency, with deviations in manganese and 
molybdenum contents. They merely received a 
new name and became more conspicuous in a great 
hurry. While the carburizing grades still are not 
looked upon with any too great favor, particularly 
in severe service, the general heat treating pro- 
cedure for this group, both carburizing and oil 
hardening types, was not much of a problem. Field 
results could be fairly well foretold in advance. 

On the other hand the chrome-nickel-molyb- 
denum varieties comprising the NE8600, 8700 and 
S800 series presented a different problem, espe- 
cially in the carburizing grades. They should, 
upon the basis of chemical composition, occupy a 
position between the former high nickel steels and 
the first’ substitute chromium-molybdenum and 
chromium-vanadium types. That this is actually 
so, as far as case characteristics and processing in 
the shop are concerned, becomes all the more 
apparent with each passing day. 

These new steels might be likened to an off- 
shoot of the familiar S.A.E. 4820 steel, but with 
1.25°° less nickel and slightly more manganese. 
Taking this much nickel from S.A.E. 4320. steel 
(and even more from S.A.E, 4820) and repaying it 
with 0.5066 chromium would naturally involve 
some changes in the metallurgical characteristics. 
Likewise if they are substituted for the familiar 
S.A.E. 4620 steel, some molybdenum and approxi- 
mately 1.25 nickel has been replaced with 0.50% 
chromium to bring about the NE&620 steel. These 


changes in chemistry should raise the upper crit- 
ical point, especially of the low carbon carburizing 
varieties. This actually was found to be true, the 
NE8600, 8700 and 8800 series steels requiring 
hardening temperatures between 1525 to 1550° F. 
to harden the core fully as compared to the range 
of 1450 to 1500° F. for the steels containing much 
more nickel. In this respect they follow the 
chromium-molybdenum and chromium-vanadium 
types resorted to in many instances when the 
nickel steels were first curtailed. 

Just what effect the decrease in nickel has on 
the carburizing characteristics has occupied the 
attention of many. One fact now is certain and is 
heartening: The carbon content in the extreme 
outer portion of the case does not become exces- 
sively high in comparison, for instance, with S.A.E. 
4620. Available data from several sources on 
samples, pot carburized with high percentage coke- 
charcoal compounds, indicate that the NE8620, 
8720 and 8817 steels will have approximately 0.05 
to 0.08% higher carbon content in the first 0.005 
in. of depth than the familiar S.A.E. 4620 steel. 
This difference naturally increases when the same 
comparison is made with such higher nickel steels 
as S.A.E, 2317, 4820 and 2515, which generally 
have relatively low carbon at the extreme surface. 

This differential in carbon concentration in 
the outer portion of the case becomes somewhat 
more when the NE steels are gas carburized. In 
general, gas carburizing produces a higher carbon 
case, especially near the surface, than carburizing 
with solid compounds at equivalent carburizing 
temperatures. Of importance, however, is the fact 
that the carbon content at the surface of the case 
with the NE8600, 8700 and 8800 carburizing steels 
will be lower than that obtained with S.A.E, 4120 
or 6120 steel when carburized under identical cir- 
cumstances. Though this is apparent, the total 
case depth is not necessarily greater; in other 
words, the inner portions of the cases approach 
similarity as the core material is reached. 

In one series of our tests, samples of S.A.E. 
1620 steel and NE8720 steel were carburized simul- 
taneously in the same pot, and another set was 
carburized simultaneously in a gas carburizing 
furnace. The pot-carburized 4620 showed 1.14% 
carbon in the first 0.005 in. as against 1.18% car- 
bon in NE8720 steel. At 0.025-in. depth the S.A.E. 
1620 sample analyzed 0.80% carbon and the 
NE8720 was 0.84. At 0.050 in. the carbon con- 
tent was the same for both steels, namely, 0.387. 
The gas carburized samples showed virtually the 
same relationship except that there was a some- 
what wider spread between the carbon contents 
at a given depth for the two steels. 

Available data thus far have shown no appre- 
ciable difference between the carburizing speeds of 
NE8620, 8720 and 8817 steel. (Cont. on p. 98) 
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HEAT TREATING 
FOR MACHINABILITY 


BY L. E. WEBB 


Metallurgist, Frost Gear & Forge Division 
Clark Equipment Co. 


“s ACHINABILITY” covers a rather large terri- 

tory. Conditions and requirements in one 
shop, when compared with another, may vary to 
such a degree that it often becomes necessary to 
revise standard heat treating practices in order to 
meet the requirements. So some limitation of the 
scope of these remarks is necessary, and inasmuch 
as approximately 95° of our work is with the car- 
burizing or low carbon alloy grades, this talk will 
be confined to our experience, as a manufacturer 
of truck and tractor gears and forgings, with NE 
steels of such character. 

So, suppose we consider some two or three 
heats each of the NE8620 and 8722 nickel-chro- 
mium-molybdenum grades. The chemistry and 
hardenability of these heats along with the nor- 
malized and annealed hardness values are listed 
in Table I. 

In studying the chemistry of these heats you 
will note that the carbon contents of the 8620 
grades are the same. There is a variation of some 
12 points in the manganese, a negligible amount 
in the nickel and chromium. We also have a nine- 
point variable in molybdenum content, namely, 
0.16 to 0.25. All three heats are of the fine-grain 
type. The data given on hardenability pick out 
the lower chemistry heat, and seem to indicate that 
the alloying elements will have some effect. 

While we are considering these 8620 heats, let 
us look at the normalized and annealed hardness 
values obtained from actual production cycles on 
actual forgings. You will note that, as annealed, 
there is very little difference in the resultant hard- 
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ness of these three heats; however, when the steels 
are tested as normalized we find that the third 
heat is somewhat harder. In reviewing the chem- 
istry of that heat we find a noticeable difference in 
the manganese and molybdenum contents. That 
could be the reason. 

Now, let us consider the last two heats shown. 
As you see, they are of the 0.25 carbon variety. 
The 8722 specification calls for 5 points more 
molybdenum than 8620, the range being 0.20 to 
0.30% rather than 0.15 to 0.25%. This did not 
show up, actually. Comparing the two 8722 heats, 
there is a differential of 12 points of manganese, 
and the hardenability seems to vary with the 
chemistry. In comparing the normalized and 
annealed hardness values of these two heats, it is 
found that the heat with lower chemistry anneals 
out at a very reasonable hardness of 159 Brinell. 
The normalized hardness shows 187 Brinell, which 
we consider as top side. 

The normalized hardness of the last heat 
shown in Table I is considerably higher, although 


Table I — Data on Five Heats Tested 





McQuam| Harpness Tests ANNEALED 


Part STEEL -EHN - : = 
No. | Type |—— . . GRAIN HaRDEN- ENb-Quencu Hanp- Struc- Harp- | Srruc- 


NORMALIZED 
COMPOSITION 




















C |Mn| P | S | St | Ni| Cr | Mo Size apimiry (a) atyYe IN. | NESS! TURE NESS | TURE 
4940 NE8620/0.20 0.80 0.018 |0.020 0.25'0.52 0.50'0.21. 7to5 302 C-32 156 Fig. 1 143 | Fig.2 
5347 NE8620/0.20,0.75 0.018 | 0.026 0.27 0.45 0.49 0.16 6to8 255 C-25 159 Fig. 1 149 | Fig. 2 
4968 NE8620/0.20/0.87 0.018 0.021 0.30 0.47 (0.48 0.25 5to8 302 C-32 179 Fig.3 149 | Fig. 4 
5348 |NE8722 /0.25/0.79 | 0.020 | 0.030 0.22 0.53 0.500.235 6to8 321 C-35 187 Fig.5 159 | Fig. 6 
9349 |NE8722 0.25 0.91 |0.019 | 0.020 (0.26 (0.53 0.56 0.24 6to8 388 C-40 223 | Fig.7, 170 | Fig.8 








quench in oil at 70° F., mildly agitated. 
Cut cube in half and Brinell center. 


(a) Frost standard: Heat a 1-in. cube 
to complete solution (austenite), 
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NE 8620 Heats on Low Side of Analysis 














it anneals oul rather well. Again, | wonder whether 
or not certain chemical elements might be con- 
tributing to such results. 

The normalizing and annealing cycles used to 
produce the results just referred to are shown in 
the diagram on page 87. Time-temperature 
curves No. 1 and 4 were produced in an electric, 
return counterflow furnace, while No. 2 and 3 were 
produced in a fuel-fired, straight pusher type, con- 
tinuous furnace. On these heats we are using a 
top temperature of 1750° F. 
structures for machinability, 
annealing or a normalizing heat treatment. The 
amount of time held at temperature was arbitrarily 
set at not less than 1 hr. 

Although we refer to curves No. 1 and 2 as 
“normalizing cycles”, we prefer to call No. 3 a 
“eyele anneal” and No. 4 a “semi-furnace anneal” 

With equipment that is flexible enough, you 
can readily see that a vast saving in time and 
proper 


to produce satisfactory 
whether it be an 


increase in production can be had by 
adjustment of the cycle, and still produce satis- 
factory results. For example, NE8620 > material 
will generally anneal at 1700 to 1750° F. with a 
semi-furnace cool of approximately 290° F. per hr. 
(eyele No. 4) or, if equipment is available so that 
you can obtain a eycle anneal (eycle No. 3) this 
also will give a microstructure that will produce 
satisfactory finish and tool life on spiral bevel gear 
culling or similar types of cutting. Should you 
desire slightly harder material for machining, the 


normalizing treatment will usually help. A Brinell 





hardness range of 1438 to 163 can be obtained from 
the anneal, while a range of 156 to 179 can quite 
often be obtained from normalizing. 

Our general practice has been to normalize 
the NE8620 and anneal the NE8720 when used 
for transmission gears that are cul on shapers, 
hobbing machines or gear shaving equipment. 

When the chemistry of NE8722 is on the high 
side it is quite often necessary to cycle anneal, 
using 7 hr. with the No. 3 curve shown. Other- 
wise, a satisfactory job of normalizing can be done 
in pusher furnaces taking only 4 hr. Many varia- 
tions can be built around these curves to produce 
desirable structures for machining. (Feeds and 
speeds are, of course, very important where tool 
life and finish are involved. Proper grinding facil- 
ities and a knowledge of how to use a good tool are 
also pertinent requisites. ) 

In order to determine what materials can be 
put through the shorter cycles No. 2 and 3, one 
must know the materials — their chemistry and 
hardenability —and secondly the peculiarities of 
the part to be manufactured. This cannot be 
emphasized too much. If we determine, for instance 
that the chemistry or hardenability of an NE8620 
is on the high side, we will recommend to the 
heat treating department that an annexling cycle 
be used, unless the particular part does not war- 
rant such a treatment. Again, if the hardenability 
or chemistry of an NE8722 is low, and the part to 
be manufactured carries ceriain requirements, we 
may suggest that the part should be normalized. 








NE8620 Heat on High Side of ee 
Normalized, 179 Brinell 


Fig. 4 Annealed, 149 Brinell 
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NE 8722 Heat at Abou 
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Fig. 6 Annealed, 
t Middle of Specification 











Return now to Table I, which correlates the 
chemistries and hardness values, and I will show 
some of the corresponding structures. 

Figure 1 shows the normalized structure of 
the first NE8620 heat (Part 4940). It is quite 
uniform and has blocky appearance, with 
Brinell hardness of 156. Figure 2 shows the same 
material as annealed. Here again, have the 
blocky appearance; the pearlite is in the sorbitic 
condition. Note a tendency toward banding. 
Brinell hardness is 143. 

Normalized and annealed structures the 
second NE8&620 are practically identical to the 
previous one. (AIL micros are at 100 diameters.) 

Figure 3 is a normalized structure of the third 
NE8620, whose Brinell hardness is 179. This 
structure is definitely acicular, and | would suspect 
that we might have some trouble on the machine 
line. You will recall that the chemistry of this 
heat is on the high side. Figure 4 shows the 
annealed structure of the same heat. Brinell hard- 
ness is 149. It ean be likened to the two previous 
annealed samples, being blocky and sorbitic; how- 
ever, there is little trace of banding. 

The of these remarks 
though the analysis of the complex 
seems to be in line, it is necessary to know your 
material before planning subsequent operations. 

In showing the last four figures I hope to 
bring out some of the extremes in microstructure 
from normalizing or anneal- 
chemistry. 
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is that, 
alloy steels 


moral even 


one might encounter 
ing of heats with slightly higher 
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Figure 5 is NE8722, part No. 5348, Normalized 
its Brinell hardness is 187. Although it is some- 
what blocky in appearance there seems to be a 
markings in the ferrite. 
Figure 


tendency toward acicular 
This probably would not machine too well. 
6 is the annealed structure of the same material. 
It is definitely banded, although pearlite is in 
blocky chunks. The cool out was too slow. Its 
Brinell hardness is 156. 

Figure 7 is the heat with manganese on the 
Normalizing produces a definite acicu- 
223. Figure 


high side. 
lar structure and a Brinell hardness of 22: 
8 shows the material annealed and 
Brinell hardness is 170. gain we have 
the blocky condition of 


same slow 


cooled. 
the banding effect with 
pearlite grains. 

These structures are not as conducive to good 
machinability as were those shown previously for 
NE8620. You can readily appreciate, therefore, 
the importance of emphasizing control and pre- 
cision in the heat treating of such materials. Low- 
ering the alloy content narrows the 
working ranges. 

In conclusion, it seems to me, from our experi- 
ence so far, that the NE steels are a tribute to the 
metallurgical profession of this country. These 
materials have been given a great deal of thought 
and have been formulated with an uncanny view 
toward the specific effect of each individual alloy- 
ing element, in order to build into each type the 
properties necessary to meet the urgent needs of 


necessarily 


this country. 
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NE 8722 Heat With Manganese on High Side 


Annealed, 170 Brinell 
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Revised List of National Emergency Alloy Steels 


December 17, 1942 


Openhearth Alloy and Electric Furnace Alloy Steels 





(Blooms, Billets, Slabs, Bars and Hot Rolled Strip) MopiIricaTIoNns in this 

table, approved by rep- 

Drsic- P S ; ’ resentatives of the War 
NATION C MN Max.*  Max.* S! NI Cr Mo Production Board, the 
Technical Committee 

Carbon-Manganese Steels on Alloy Steel of Amer- 

NE1330 0.28-0.33 | 1.60-1.90 0.040 0.040 | 0.20-0.35 ican Iron and Steel 
NE1335 — | 0.33-0.38 | 1.60-1.90 0.040 0.040 | 0.20-0.35 Institute, and by repre- 
NE1340 0.38-0.43 (1.60-1.90 0.040 0.040 | 0,20-0.35 sentatives of the Soci- 
NE1345 | 0.43-0.48 | 1.60-1.90) 0.040 0.040 | 0.20-0.35 ety of Automotive Engi- 
NE1350 | -0.48-0.53 | 1.60-1.90 0.040 0.040 (0.20-0.35 neers, were caused by 


. . . e an unexpected gain in 
Carbon-Chromium Steels I be 
the available nickel. 


NE52100€) 0.95-1.10 | 0.25-0.45) 0.0257 | 0.0257) 0.20-0.35 | 0.35 max.| 0.40-0.60 | 0.08 max. Irrespective of the fact 
NE52100B) 0.95-1.10 | 0.25-0.45) 0.025% 0.0257) 0.20-0.35 | 0.35 max.) 0.90-1.15 | 0.08 max. that the 1943 ilies 
NE52100A| 0.95-1.10 |0.25-0.45 0.0254) 0.0257 | 0.20-0.35 0.35 max. 1.30-1.60 | 0.08 max. : = asin tae, id 


production will be 50,- 


Manganese-Molybdenum Steels 000,000 Ib. greater than 
NE8020 | 0.18-0.23 | 1.00-1.30) 0.040 | 0.040) | 0.20-0.35 0.10-0.20 | in 1940, the average 


NE8442t | 0.40-0.45 | 1.30-1.60 0.040 0.040 | 0.20-0.35 0.30-0.40 nickel content of scrap 
Nickel-Chromium-Molybdenum Steels | ~ eytt 
NE8613 | 0.12-0.17 |0. 70-0.90; 0.040 | 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 | 4, the ro Ma 2 pil 
NE8615 0.13-0.18 | 0.70-0.90 0.040 0.040 (0.20-0.35 0.40-0.70 | 0.40-0.60 | 0.15-0.25 nickel steel scrap from 
NE8617 | 0.15-0.20 -0.70-0.90 0.040 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 ordnance contractors, 
NE8620 | 0.18-0.23 | 0.70-0.90 0.040 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 and partly to conser- 
NE8630 | 0.28-0.33 | 0.70-0.90 0.040 0.040 |0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 vation measures 
NE8635 | 0.33-0.38 | 0.75-1.00 0.040 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 employed by the steel 
NE8637 0.35-0.40  0.75-1.00) 0.040 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 ; . 
NE 8640 0.38-0.43  0.75-1.00 0.040 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 0.15-0.25 Consequently, many 
NE 8642 0.40-0.45 | 0.75-1.00) 0.040 0.040 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 eins heal producers 
NE8645 0.43-0.48 | 0.75-1.00) 0.040 0.040 | 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 Sud tt eivtusiie impos- 
NE 8650 0.48-0.53  0.75-1.00) 0.040 0.040 | 0.20-0.35  0.40-0.70 | 0.40-0.60 | 0.15-0.25 sible to hold ie elated 
NE8720 0.18-0.23 0.70-0.90 0.040 0.040  0.20-0.35  0.40-0.70  0.40-0.60  0.20-0.30 content of some NE 
8600 and 8700) series 
steels below 0.600%, as 
originally specified. 
There is not enough 
carbon steel scrap low 
Manganese-Silicon-C hromium-Nickel- Molybdenum Steels in phosphorus and sul- 
NE 9415 0.13-0.18 | 0.80-1.10 0.040 0.040 | 0.40-0.60 | 0.20-0.50 | 0.20-0.40 | 0.08-0.15 phur content for dilu- 
NE 9420 0.18-0.23 0.80-1.10 0.040 0.040 0.40-0.60 | 0.20-0.50 | 0.20-0.40 | 0.08-0.15 tion. and the nickel 
NE 9422 0.20-0.25 | 0.80-1.10 0.040 0.040 0.40-0.60 | 0.20-0.50 | 0.20-0.40 | 0.08-0.15 cannot be reclaimed 
NE 9430 0.28-0.33 0.90-1.20) 0.040 0.040 0.40-0.60 | 0.20-0.50 | 0.20-0.40 0.08-0.15 for anv other use or in 
NE 9435 0.33-0.38 | 0.90-1.20 0.040 0.040 | 0.40-0.60 | 0.20-0.50 | 0.20-0.40 | 0.08-0.15 anv other manner. A 
NE9437 — 0.35-0.40 0.90-1.20) 0.040 | 0.040 0.40-0.60 | 0.20-0.50 | 0.20-0.40 | 0.08-0.15 general increase of ten 
NE9440 0.38-0.43  0.90-1.20 0.040 0.040 0.40-0.60 — 0.20-0.50 | 0.20-0.40  0.08-0.15 points in the upper 
NE 9442 0.40-0.45 | 1.00-1.30 > 0.040 0.040 0.40-0.60 0. 20-0.50 | 0.20-0.40  0.08-0.15 limits for nickel is 
NE9445 0.43-0.48 | 1.00-1.30) 0.040 0.040 0.40-0.60 | 0.20-0.50  0.20-0.40 | 0.08-0.15 therefore possible. 
NE 9450 0.48-0.53 | 1.20-1.50 0.040 0.040 | 0.40-0.60 | 0.20-0.50 | 0.20-0.40  0.08-0.15 The NE8700 series 


NE9537f | 0.35-0.40 | 1.20-1.50 0.040 0.040 0.40-0.60  0.40-0.70 | 0.40-0.60  0.15-0.25 has been abandoned 
NE9540f = 0.38-0.43 | 1.20-1.50 0.040 0.040 0.40-0.60 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 except 8720, which has 
NE9542t — 0.40-0.45 | 1.20-1.50 0.040 0.040 0.40-0.60 | 0.40-0.70 | 0.40-0.60  0.15-0.25 found much favor. 
NE9550t | 0.48-0.53  1.20-1.50 0.040 0.040 | 0.40-0.60  0.40-0.70 | 0.40-0.60  0.15-0.25 These abandoned steels 
are also rather high in 
molybdenum (0.20 to 
0.30), now critically 


mills. 


Silicon-Manganese and Silicon-Manganese-Chromium Steels 
NE 9255 0.50-0.60 | 0.70-0.95) 0.040 0.040 | 1.80-2.20 
NE 9260 0.55-0.65 0.75-1.00 0.040 0.040 | 1.80-2.20 
NE 9262 0.55-0.65 0.75-1.00 0.040 0.040 | 1.80-2.20 0.20-0.40 


Manganese-Silicon-Chromium Steels 
20-1.50' 0.040 0.040 | 0.40-0.60 0.40-0.60 
.20-1.50 0.040 0.040 0.40-0.60 0.40-0.60 


NE9630 0.28-0.33 (1 
pa 0.53-8.35 I : < : : short in supply. 

NE9637 0.35-0.40 1.20-1.50 0.040 0.040 0.40-0.60 0.40-0.60 To compensate for 
NE9640 0.38-0.43 1. 
I 
1 
I 


te 


20-1.50 0.040 0.040 0.40-0.60 0.40-0.60 the 8700 series. the 
NE9642 0.40-0.45 1.30-1.60 0.040 0.040 0.40-0.60 0.40-0.60— 05060 cuvien with lower 
NE9645 0.43-0.48 1.30-1.60 0.040 0.040 0.40-0.60 0.40-0.60 elutdiumem thas tod 
NE 9650 0.48-0.53  1.30-1.60 0.040 0.040 0.40-0.60 0.40-0.60 ie miata inreeened ten 











iat xe : mp a . yoints, and the carbon 
*These limits are for basic open- *+These limits are for electric fur- | ab at 
range extended to 0.50% car- 


hearth steel. The lowest standard maxi- nace grades; if made in the basic open- on elaine 

_ bon The new NE8&635_ to 
mum phosphorus or sulphur content for hearth the sulphur and phosphorus may 
acid openhearth or acid electric furnace’ be 0.04% max. each. 
alloy steel is 0.05° each. tFor large sections only. 


8650 steels also have higher 
manganese (0.75 to 1.00%). 
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BITS AND PIECES 


METALLURGICUS’ 


OWN PAGE 











Hece! Hee! 


pate TESTING, to determine quickly and 
“accurately such elements as copper, nickel 
and chromium in alloys, is particularly timely. 
Is there, I wonder, such a test for manganese? 
How to segregate, for example, water hardening 
toolsteel with 1% carbon and 0.35°° manganese 
from oil hardening toolsteel with 0.9°% carbon 
and 1.5°¢ manganese. My spark tester can pick 
the right one 9 out of 10 times, but the tenth 
time certainly caused a headache! If anyone 
can send in a workable method, there’s an @ 
book of his choice for reward — as, indeed, for 
any publishable item for “Bits and Pieces.” 
METALLURGICUS 


WHat Is “DECARB’? 


| ETALLURGICUS’ question posed in the 

November issue might be answered by turn- 
ing to the definition proposed by the Nomen- 
clature and Definitions Committee of the 
American Society for Testing Materials. The 
committee is comprised of representatives of 
the &, the Society of Automotive Engineers, 
American Foundrymen’s Association, as well as 
the American Society for Testing Materials. It 
is proposed that decarburization shall be under- 
stood to mean “the loss of carbon from the sur- 
face of an iron-base alloy as the result of heating 
in a medium which reacts with the carbon”. 

This, of course, is a qualitative or dictionary 
definition. In addition to a plea for correct use 
of words, Metallurgicus’ brief note last Novem- 
ber implied that methods for measuring the 
effect are loosely applied. I have found that, 
in the types of steel we work with, the amount 
of decarburization may be determined by 
macro-etching a polished surface with a 5% 
solution of nitric acid in aleohol. The decar- 


burized areas will be light; the area not decar- 
burized will be dark. In toolsteel, in addition 
to difference in color, the decarburized zone 
may exhibit a grain structure larger in size than 
the remainder of the cross-section. (EuGene M. 
Smirn, Extrusion Division, Aluminum Co. of 
America.) 


CALIBRATING A MICROSCOPE’S MAGNIFY- 
ING POWER WITH SHIM STOCK 


N A RECENT RUSH JOB it became neces- 

sary to take some pictures at a magnifica- 
tion under conditions not previously established, 
Since a stage micrometer was not available, a 
substitute had to be found. After trying several 
things unsuccessfully this idea was hit upon: 

Every machine shop has in its supplies some 
“shim stock” consisting of narrow strips of very 
carefully cold rolled brass sheet in several 
gages, usually 0.002 to 0.015 in. The thickness 
is very uniform and can be determined very 
accurately with a vernier micrometer. A small 
piece of each gage was mounted in bakelite and 
polished according to usual metallographic 
practice but was not etched. These polished 
sections were then projected onto the ground 
glass of the camera and the bellows length 
adjusted until the image was of the correct 
width, as determined with a pair of dividers, 
to give the desired magnification. (These sec- 
tions can also be used for calibrating filar 
micrometers.) 

Such a method has one distinct advantage 
over the use of a stage micrometer; that is, the 
image of the brass strip is very sharply differ- 
entiated from the bakelite mount by the high 
color contrast, and, hence, is easier to focus 
properly and measure with dividers than the 
ruled lines on a stage micrometer. (D. J. Mack, 
Assistant Professor of Chemical Engineering, 
University of Tennessee.) 
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SORTING OF STEEL 


N THE January 1942 issue of Metal Progress 

appeared a letter from C. S. Williams, headed 
“Rapid Sorting of Small Castings” referring to 
the use of an oscillograph for sorting heat 
treated ferrous parts from untreated parts. 
Having recently had occasion to sort out a con- 
siderable quantity of alloy steel components 
heat treated to 135,000 psi. from a number made 
in mild steel, reference was made to Mr. Wil- 
liams’ letter, but unfortunately the cathode ray 
tube of our oscillograph was defective. 

A very simple apparatus has now been 
rigged up utilizing a somewhat similar principle 
but needing only standard radio parts which 
were available. A photograph of the apparatus 
in its original form is attached. A sample of the 
correct material is placed in one coil out in front 
and the sample being tested in the other coil. 
the difference in magnetic properties being 
shown on the cathode ray tuning indicator. 

soth test coils comprise double windings, 
one pair being in series and connected direct to 
the alternating current mains; the other wind- 
ings comprise search coils which detect the 
difference in hysteresis between the two mate- 
rials. (R. J. Brown, Metallurgist, Morris Motors, 
Ltd., Coventry, England.) 


TWELVE TEMPERINGS TO HARDEN 
AUSTENITIC DIE 


*ELDOM does a highly austenitic structure 
“remain in a steel after heating and quench- 
ing, with the possible exception of high speed 
steel. However such a structure was encoun- 
tered in G.M.C. 100-M air hardening toolsteel of 
the following analysis: C 1.01%, Mn 0.86, Si 
0.38°°, P O.O14.. S 0.010, Cr 5.14%, Mo 1.12%. 

The die should have been heated at 1750° 
F.. but due to trouble with the control couple 
the die was actually heated nearly to 1900° F. 
It was removed from the furnace, and a fan 
was turned on it until it was just cool enough 
to handle uncomfortably in the bare hands. It 
was then tempered at 425° F. for 4 hr. After 
this complete treatment the hardness was C-30 
to 35, but the die was extremely file hard. This, 
of course, led us to suspect “soft skin”, so the 
die was taken to a large Blanchard grinder but 
it would not adhere to the magnetic chuck. The 
evidence now definitely proved the presence of 
a highly austenitic structure. Further, when 
checked for size and volume change it was 
found that the die had shrunk 0.042 in. on 
approximately 14%, in. 
We then tempered the die 4 hr. at 500° F. 
Its Rockwell hardness was still C-30 to 35, but 
the die had expanded 








about 0.001 in. After a 








Assemblage of Common Radio Parts Connected With Twin 
Search Coils (on Table Top at Right) for Detecting Differences 
in Magnetic Hysteresis in Unknown Sample and Standard 


draw of 900° F. the 
hardness had jumped to 
C-32 to 37. 
draws of 950° F. 


Two more 
(cool- 
ing to room tempera- 
ture between heatings) 
increased the hardness 
to C-410, 
sive tempers at 950° F. 
for 2 hr. finally brought 


Seven succes- 


the hardness up to C-58 
to 60. The die was then 
highly magnetic, and it 
had expanded a total of 
0.044 in., being only 
0.002 in. over its original 
dimension of 14.393 in., 
and was fully trans- 
formed. (Stewart M. 
DePoy, Metallurgist, 
Delco Products Divi- 
sion, General Motors 











a Corp.) ¢S 
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Pn elie RE 4 
COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 18 


Executive Offices: 230 Park Ave., New York 


SOLDER 


(Continued from page 59 
have had better success tinning 
the iron with a small amount 
of 3806 
then applying the tin-less solder 


tin, 70° lead solder, and 


to this iron. Frequent tinning 


is necessary, so a small pot with 


adjunct. Use it as a holder for 
the soldering tool, where it can 
be constantly immersed when 
not in use. Even this may be 
avoided if the soldering copper 
is previously nickel plated, iron 
plated, or silver plated. 

This solder has a very small 
freezing range and freezes rap- 
idly behind the iron. This is an 


advantage in many cases because 





melted 70-30 solder under zine the solder stays where it is put 


chloride cover is a handy without flowing too deeply into 













Accurate 

Light 

Compact 
Prompt Delivery 







Rapid development of the volume and technique of 
structural testing in the United States during the past decade 
has given rise to the need for an all purpose strain gage A 
mechanical type of gage that 1s accurate, yet inexpensive, 
light, compact, rugged and convenient 1s desirable in order 
to give consistent results in both the laboratory and the field 

The pressing demand for a satisfactory strain gage in the present time of 
emergency, during which European sources of instruments have been cut off, 
hinds the Porter-Lipp strain gage hiling a definite need for a superior instrument 
of chis type 

The strain multuplication factor of this gage 1s approximately 300 and it has 
a range of 0.008 in. or better. Weighing only 0.4 oz the Porter-Lipp has overall 
dimensions of 134 in. by 2 in. by %% in. It ts graduated so that each division 
corresponds to a strain of approximately 0.0001 in and has a readable accuracy 
of 0.00002 in. for a gage length of one inch 
Write for our new bulletin No. 166 


Bhs Sonia 


DIVISION OF THE BALOWIN LOCOMOTIVE WORKS 
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a crack. So far the authors have 
had little success with sweating 
this solder into joints. 

We do find that when this 
solder is used on tin plate, less 
solder is used per joint than with 
ordinary solder, and a speed of 
24 ft. per min. is readily attained 


by a good workman. 


Cost OF SOLDER 


The metals in the alloy of 
O.oc> arsenic, 12% antimony, 
balance lead, cost about $8.50 
per 100 Ib. One per cent arse- 
nical lead was purchased at 
$7.40 per 100 Ib., and lead $6.85. 
Antimony cost $17.76 per 100 
Ib. With a cost of 1.5¢ per pound 
for melting and alloying, this 
solder would cost about 10¢ per 
lb. Other costs are approximated 


in Table ITI. 


CONCLUSIONS 


1. The best tin-less substitute 
solder developed so far is an 
alloy of 0.5° arsenic, 12 anti- 
mony, with balance lead. 

2. The cost will be about 10. 
per Ib. 

3. Its melting point is 478° F 
which is close to 380-70) solder, 
which melts at 496° F, 

!. The joint strength of six 
lapped joints averages 8300 psi., 
which is stronger than 50-00 
solder (S100 psi.), or lead-silver 
alloys, 

». Its solderability is good on 
tin plate and bare steel, but not 
good on copper or brass. 

6. With special technique a 
speed of soldering can be had on 
tin plate which equals that 
obtained with 30-70 solder. 

7. Lead-silver alloys are 
unsatisfactory, primarily because 
their high melting point causes 
an undue amount of oxidation 
and, therefore, inferior soldering 
properties. 

Finally, the authors wish to 
thank the Superior Metal Prod- 
ucts Co. of St. Paul, and Walter 
Nelson, its soldering expert, for 
working with them in developing 
this new solder. S 
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Flash Welding Speeds 
Production of Steel Strip! 


Strip steel . . . needed for aircraft assemblies, 
destroyer smokestacks, “jeep” bodies, Army 
field kitchens and bomb fins... for literally 
thousands of military and industrial pur- 
poses... is speeded to war production plants 


by welding with Mallory Flash Welding Dies. 


In one of the world’s largest strip mills, the 
resistance flash welder shown above joins 
single coils of strip steel to form multiple 


coils. Major advantages are: 


|. Speedier Production. It is much 
faster to “thread” multiple coils 
through picklers, rolling mill stands 
and shears than to thread shorter, 
single lengths of strip. 

2. Greater Uniformity. The percentage 


of “off-gauge” and serap steel is 


minimized. 
3. Meeting Customers® Requirements. 


\lany users prefer longer, heavier coils. 


l lash welding is the best commercial process 


for joining strip in steel mills, because the 
welds are made automatic ally. Operators 
are quickly trained. Machine maintenance 
can be kept to a minimum... especially 
since most flash welders are equipped with 
dies produced by Mallory. and these dies 
assure more welds between dressings, a 
higher total number of welds before replace- 
ment is necessary, and thus sounder, more 


uniform welding. 


Mallory Standardized Welding Electrodes 

spot welding tips, seam welding wheels and 
flash welding dies—are used in major steel 
and copper mills, in aluminum and magne- 
sium plants ...in factories turning out war 
planes and parts for aircraft, ships, shells, 
guns and tanks. Mallory’s long research has 
led to superior electrode materials, designs 
and cooling methods .. . Today Mallory is 
developing new electrode designs, new non- 
ferrous alloys and powdered metal products 


to help weld the way to Victory! 


P.R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA « Coble Address — PELMALLO ©... 


P.R. MALLORY & CO. Inc. 


RESISTANCE 
WELDING 


ALLOR 





I 
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A BOOK YOrt 
WANT for vwour 


technical library is 


the latest Mallory 
Re sistance HW ¢ lding 
Data Book. Facts on 
spot, seam and flash 
welding ferrous and 
non-ferrous metals 
and alloys. Write 


for vours« opy today! 


STANDARDIZED 
ELECTRODES 














NE 


Continued from page 


Carbon 
regulated by any 
formerly 
the 


compound, 


altering 


carburizing, o1 
all regulation of 


ing temperature 


diffusing 


employed, 


the 


concentration 
of the 


as 


and one especially 
gear manutacturers, is the 
ef dom from skin softness 
NE 8600, 8700 and S800 series car- 
can be burized steels, a shortcoming that 
means required constant supervision 
such as when using S.A.E. 4120, 5120 and 
the 6120 The new steels are 
in gas more file resistant, resembling 
the S.A.E. 4620, 4320 and 
carburiz- steels. 
Another characteristic 


STEELS 


composition ot 


the simplest ol 


A gratitying 


characteristic, 


welcome 











PAN GCBORN 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 


PANGBORN CORPORATION HAGERSTOWN, MARYLAND 











eTO SAVE BLAST CLEANING POWER- 
eTO OFFSET LABOR CONSCRIPTIONS« 


in 1943 


As we close the record on transactions 
of 1942 we are grateful that Pangborn 
Blast Cleaning and Dust Control equip- 
ment has been able to successfully 
help so many plants reach their pro- 


duction goals of the year. 


As a preview of 1943 we tell you that 
our own production of equipment will 
increase, delays in delivery will be 
shortened, our equipment performance 
will be improved as quickly as ad- 
vances are suggested by the finest 
engineering skill obtainable, and ser- 
vice to our thousands of customers 
given honestly, promptly and with only 
one end in mind—TO HELP WIN THE 


WAR IN 1943! 
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thus far is that these new steels 
seem to resist softening more 
than some of the former steels 
when tempered at temperatures 


150° F. In other 


tempered 


around 350 to 


words, they must be 
higher to produce hardness equiv- 
alent to the higher nickel steels. 


This resistance to softening 
should manifest itself in increased 
service. 
the 
and core of these three NE steels 
the 


molybdenum 


wear resistance in 


Microstructures of case 


resemble familiar nickel- 


carburizing steels 


There is a tendency to form 


carbides, somewhat mas- 
the 
approaches 1.15 
0.060 in. 
were nol 
0.045 in. 
concentration is 
high.) It 


sirable, especially in clash gears, 


excess 


sive, when carbon content 


in cases around 
carbides 


deep Excess 


found in cases around 
deep where the carbon 
usually not so 
this condition is unde- 
a higher tempering temperature 


might prevent the chipping of 


tooth ends. 


Information obtained to date 
indicates that these steels do not 
distort in heat treatment any 
more than, for instance, S.A.E 
1620 steel, which is good news 
for the gear makers. 

A few tests conducted thus 
far have indicated that coarser 
fractures obtain with the new 


both direct 


reheated, in comparison with the 


steels, quenched o1 
former nickel steels, although the 
fracture is no coarser, and if any- 
thing somewhat finer than is 
obtained with some of the earlier 
Another of the 


so-called shop tests is peening the 


emergency steels 


corners of gear teetm to test the 
The new 
the 


direct quenched condition could 


malleability of the case. 
steels when so hammered in 
be deformed as much as the oldet 
gear steels without chipping. 
Reports from several sources 
regarding breakdown tests in the 
field and on laboratory dynamom 
eters have been encouraging so 
indicate that 


far, which would 


the NE steels are adequate tor 
many applications. Their use 1s 
rapidly spreading. S 
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in Assembling Piston Bushings-and Saves 


000 10 ¥4000 per Month over Liquid Air 


FCT a DETAILS, FACTS AND tl 
\ es FURNISHED ON REQUEST 
NC ! 









. Data 
and Part Information 


A bronze S.A.E. 64 wrist pin bushing for piston of 
a Diesel engine. 
3.3190 


Size > diam. 2.022 ; 
Size 33185 outside diam. x 2. long 








I le b , 3.0005 
nside bore 3.0015 


Bore in piston for bushin 3.3135 diam. on 8 
> < , é 
F ® 3.3140" diam. piston 


To shrink outside diameter of bushing .005"' to 
permit a slight press fit. This is required to provide 
metal-to-metal contact for entire length of bushing. 





You Too Can Profit 


il Deepfreeze Sub-Zero Temperatures for Your Metal Working Operations 






DIFFICULTIES 

Diameter of bushing is .0055"’ larger than the hole 
at room temperature. Another type of chilling unit 
with a maximum temperature of —65° was tried, 
but the .0025” to .003” shrink obtained was too 






Deepfreeze can serve you in any one, 
or all three, of the following ways... 
! Shrinking of metal at —100° F. to 







little and caused the bushing to wobble in the hole. 


Other Difficulties .. . 


Liquid air was too costly, difficult to obtain and re- 
quired the services of two men. Dry ice also proved 
impractical and costly. 





—120° F. has made it possible to as- 

semble bearings and similar parts re- 
quiring a press-fit, by merely slipping them 
into position...eliminates spoilage caused 
by “pounding” bearings into place. ..saves 
time caused by delay in replacing bearings 
..-Saves cost of expensive equipment. 


y of metals at —100° F. to 








SOLUTION 

The Deepfreeze Cascade Unit—which meets every 
requirement for shrinkage, speed, accuracy and re 
duced cost. Material and service delays are elimi 
nated, spoilage is reduced and production is UP. 





120° F. has made it possible to study 

the reactions of aircraft instruments to 
stratosphere flying. Aircraft engine lubri- 
cants can also be pretested for sub-zero 
flying. Tests are usually conducted over a 






6 or 8-hour freezing period. SAVINGS 
Treating of metal at —100° F. to Ic is estimated that the Deepfreeze Cascade Unit 
120° F. will produce combinations of saves between $3,000 and $4,000 per month over . 






hardness, strength and ductility not ob- 
tainable by ordinary hardening or temper- 
> ing. For treatment of high-speed steel, tem- 
peratures colder than — 150° F. are ineffec- 
tive. Temperatures warmer than —100° F. 
are also ineffective. The Deepfreeze Cascade 
Unit is capable of maintaining —120° F., 
making it ideal for the proper treatment of 
high-speed steel. 


the use of liquid air. 








ADDITIONAL INFORMATION 


and proof of the outstanding success of the Deepfreeze 
method for chilling metals are included in a new booklet 
Write for your copy today. Address 


DEEPFREEZE DIVISION, MOTOR PRODUCTS CORPORATION 
2325 DAVIS STREET 
NORTH CHICAGO, ILLINOIS 


DEEPFREEZE DIVISION Neme 


























ESTIMATE OF 


1°* ALD NELSON estimated, 
in a recent statement issued 
by the War Production Board 
on the steel expansion program, 
that United States’ steel produc- 
tion in 1948 will approach twice 
the combined output of the Axis 


nations, which is estimated at 


STEE! 
i Geet Go 


FOR 1943 


20 to 55 million tons of ingots 
Steel capacity in the United 
States is now over 89 million 
tons, and by mid-'43 will be 
97,115,000 tons of ingots, made 
up of 84,241,000 of openhearth, 
6.721.000 of 


6.153.000 of electric steel 


bessemer, and 





Oe es we te & | 
ROCKING 


ELECTRIC 
FURNACES 





FOR BRASS AND 
IRON FOUNDRY USE 


Detroit Furnaces insure rapid 
melting speed, low metal loss- 
es, less labor and saving in 
floor space. With this furnace 
you can run a variety of mix- 
tures, 1 or 2 heats an hour, 
large or small. For increased 
production at lowest net cost 


and unequalled 


operating 


flexibility, this versatile melt- 
ing unit simply cannot be 
beaten. Write for facts. 





DETRO 


KUHLMAN ELECTRIC COMPANY 


T ELECTRIC FURNACE DIVISION 


° BAY CITY MICHIGAN 
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The over-all production fig- 
ures, Mr. Nelson pointed out, do 
not tell the whole story. 

For instance, our alloy steel 
production has shown remark- 
able progress. Tonnage is now 
substantially in excess of 
1,000,000 each month, and will 
increase further next year. We 
are now producing more than 
four times as much alloy steel as 
in the last peacetime peak. 
Monthly production in 1938 aver- 
aged 137,800 tons of alloy steel; 
in 1939 it was 270,000 tons per 
month. January of 1942 pro- 
duced 736,000 tons of alloy steel, 
and by year’s end this was up 
more than 50 1,130,000 tons 
in December 1942). 
average for 1943 will be 1,230,000 


tons of alloy ingots per month 


Estimated 


Expansion in over-all steel 
tonnage has also been extraordi- 
nary. During the month of 
December 1937 the American 
steel industry’s production of all 
grades of steel ingots was less 
than 1,750,000 tons. During 
September 1938, at the time of 
the Munich 
amounted to only 3,000,000 ingot 
tons. Not until the start of war 


agreement, it 


in Europe in 1939 did production 
start to climb, but by mid-’43 it 
will be close to estimated capac- 
ity of 8,100,000 tons of ingots 
monthly. This 8,100,000 tons of 
ingots will produce about 
5,600,000 tons of mill products, 
the difference being scrap butt 
ends, croppings, defectives, and 
so on, that are immediately 
returned for remelting. 
Likewise in the finishing mill 
departments conditions are in a 
constant flux. For example, in 
January 1942 we produced 
750.000 tons of 
1,150,000 tons of sheet and strip 


plate and 


In January 1943 we expect to 
produce 1,110,000 tons of plate 
and only 830,000 tons of sheet 
and strip evidence of the con- 
version of continuous sheet mills 
to plate manufacture, and the 
growing importance of the ship- 
building program. 


Continued on page 102 
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DU PONT CARBURI 
CASE DEPTH TO 0.30%C 
PROVIDED BY VARIOUS 
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Use DU PONT CARBL RIZING SALT. This 


| carefully balanced composition produces 
: deep. high-carbon low-nitrogen case® 
4 (0.10% nitrogen or Jess in the first 0.004" 
: of case) at temperatures of 1650° to 


Tee Se 


= 


1750° F..-- equiv alent, in all respects. to 
those obtained by pack and 
litions of time and 


gas hardening. 


At similar cone tempera- 


ture, it will produce 
than can be had from pack hardening. 


greater depth of case 


Du Pont Carburizing 
1700° F. Cyanide 
0.05% 


Baths containing 
Salt are stable above 
decomposition is low —about per 


hour at 1725° Work may be quenched 


pEEP CASES... 


pee e nae 1688 -- 


ZING SALT 


TREATMENTS 


ee Baal 


1—S.A.E. x10 
CARBURIZING STOCK AT 1750" F. 


2—S.A.E. x1020 
3—S.A.E. 3312 AT 1700° F 


6 9 10 
HOURS AT TEMPERATURE 
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FAST. 
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20, 4615 & SPECIAL HIGH Ni-Me 





g 4615 AT 1700" F. 
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directly from the bath. without resortung 


There 15 
using a flexible 


to reheating. also the decided 
liquid salt 


advantage of 
rather than 


bath for deep case operations, 


a cumbersome, time-consumine pack hard- 


ening process. 


For deep and shallow cases. du Pont has 


the right case hardening and carburizing 
Competent metallurgists. 
and in the field, will be pleased 


»roblems and in the 


products. in our 


laboratories 
to help you with your | 
selection of the proper 
Klectrochemicals Department, 
Nemours & Co. Ine.). 


materials for your 


specific job. 
i. 1. du Pont de 


W ilmington. Delaware. 


YEARS OF 


— “KNOW 
HOW” IN THIS BOOK 


More than 72 pages of 


practical material on 
treatment 


, heat 
vily illustrat 

ed 
Ask for your copy 


BETTER THINGS 





CYANIDES and SALTS 


for Steel Treating 


FOR BETTER LIVING 


THROUGH CHEMISTRY 
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Armour’s 


Anhydrous Ammonia 
Guaranteed Pure, Dry 


For Nitriding and Protective Atmospheres 


Over fifty years of experience in servicing 
thousands of ammonia users assures you that 
when you order Armour's Anhydrous Am- 
monia, you get not only a pure, dry, 
dependable product, but slso the best 
service obtainable. 


Take advantage of our technical service by 
writing us on any problems concerning the 
use of Anhydrous Ammonia in Nitriding, 
Dry Cyaniding, or as a protective atmos- 
phere either by itself or in conjunction with 
other gases. 


Prompt delivery in Bottle Type or Tube 
Type cylinders, 100 Ib. and 150 Ib. sizes, 
from one of our plants or nearest of our 
sixty stock points. 


ARMOUR AMMONIA WORKS 


Division of Armour and Company 


1355 West 31st Street Chicago, Illinois 


For free descriptive circular on the proper method of 
handling and hooking up Anhydrous Ammonia 
cylinders, please clip and mail the coupon below. 


Armour Ammonia Works, 
1355 W. 31st St, 
Chicago, Ill. 


Please send by return mail a copy of your circular on 
“Methods of Handling Cylinder Anhydrous Ammonia 
for Metal Treaters."’ 


Name__ ‘ 
Title 

Company 

Street . se 


 —_— “ 


STEEL FOR 1943 














(Continued from page 100) 


Of the total expansion of 7,640,000 tons in the 
openhearth department, new furnaces account for 
5,283,000 tons, enlargements account for 634,000 
tons, and use of hot metal in place of cold charge 
is equivalent to 1,723,000 tons of new capacity. 

Electric furnace capacity, important in the 
production of alloy steels, amounted to 3,402,000 
tons at the beginning of 1942. During that year, 
new facilities with a capacity of 970,000 tons were 
added. Increases amounting to 294,000 tons, 
resulting from improved equipment and technique, 
bring the total productive capacity at the end of 
1942 to 4,666,000 tons. New facilities to be brought 
into production by June 1943 will boost the total 
electric furnace capacity to approximately 6,153,000 
short tons of ingots. 

No expansion in the capacity for bessemer 
steel is planned. 

Blast furnace capacity has also been largely 
increased (see Metal Progress, July 1942, page 83, 
for the details of the program). Adequate raw 
materials have also to be provided, the goal of the 
present program being: 


Iron ore 133,949,000 tons 


Coke 80,440,000 
Limestone 34,716,000 
Pig iron 68,716,000 


27,192,000 
14,386,000 


Recirculating scrap available 
Purchased scrap needed 


Consumption of iron ore is now running at 
a rate of 10,000,000 tons a month, and with ship- 
ping on the Great Lakes closed for the winter 
season, the inventory on hand amounts to almost 
60,000,000 tons. Construction of new iron and 
steel plants in the South, West, and on the Pacific 
Coast, as well as interruption of foreign imports of 
iron ore (amounting to 2,300,000 tons in a normal 
year) will call for sizable increases in iron ore 
production in all American districts, the goal of 
the present program being 


Texas and Missouri 896,000 tons 


Eastern 6,160,000 
Western 4,144,000 
Southern 10,640,000 
Lakes 112,109,000 
Total 133,949,000 


As to coke, the steel industry’s own byproduct 
oven capacity is being enlarged from 50 million 
tons as of Jan. 1, 1942 to 57 million as of July 31, 
1943. This amount available for the blast furnaces 
will be supplemented by 1442 million tons of coke 


from merchant byproduct ovens, and 9 million 
from beehive ovens. S 
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Sivy: steel Casting Burnside Steel Foundry Electric Steel Castings Detroit Steel Casting 
ompany Company Company Company 
a.) 5. 43rd Street 1300 East 92nd Street Speedway 4069-4140 Michigan Avenue 
Ph. Mitchell 1442 Phone SAGinaw 9600 Phone Belmont 0409 Phone LAfayette 5710 
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HERE ARE SOME OF THE 
PRODUCTS WHICH SAVE 
WITH STEEL CASTINGS 


Acronautical 







Agricultural Machinery 







Automotive 





Bearing 
Boiler, Tank & Piping 






Bridge 
Chemical & Paint Works 











Compressors (Pocumatic 






Conveyor & Material Handling 





Crushing Machinery & Cement 


Mill 
Dredge 











Electrical Machinery & 
Equipment 








Flevator 





Engine 


Food Processing & Packing 
Plant 






Foundry Machinery & 
Equipment 


(as Producer & Coke Oven 









(,eare 






Heat Treating Furnace & 
Equipment 


Hoist & Derrick 


Iron & Steel Industries 















Metallurgical Machinery 


Mining Machinery & Equipment 







Oil or Gas Field & Refinery 


Ordnance 






Overhead Crane & Charging 
Machine 


Paper Mill 


Printing Press 













—_—k« Prim 


— ~ —— - — SEE — ~ Railroad 


BUFFALO 
KEW YORK 
Stro: Steel Foundry 


company 














Refractory, Brickyard & Ceramix 
















Refrigeration Machinery 


PHILADELPHIA 
PENNSYLVANIA 


Dodge Steel 


NEWARK 
NEW JERSEY 


American Steel Castings 
Company 


Road & Building Construction 
Rubber Mill 


Ship & Marine 












Shoe Machinery 







Company Smelting Plant 






Avenue “L”’ and Herbert Street 
Phone Market 3-5464 


rie Street Tacony Spray Painting Equipment 


Phone MA Yfair 1650 


10 


P> Steam Turbine 


erside 2700 


9 
















Street, Elevated, & Subway Care 





Textile Machinery 


Valves, Fittings & Piping 








Well Drilling Equipment 
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NE evident weakness of the 


German iron and steel indus- 
try when the Nazis came to 
power was its dependency on 
foreign ores. For instance, in 
prosperous 1936, the Reich = pro- 
duced 19,200,000 tons of steel but 
mined only 7,600,000 tons of 30 
About half the 


ron ore, 


IRON AND STEEL IN NAZI 


GERMANY* 


imported ores came from Sweden, 
the remainder from 
Spain, and French North Africa 

At that time Hermann Goer- 
ing was told to make the nation 
self-sufficient, and he turned = to 
the Salzgitter mines in the Harz 
Mountains in Central Germany, 


where enormous low grade ore 


Lorraine, 

















ustrial furnaces 


a SS 




















DEMPSEY INDUSTRIAL FURNACE CORPORATION 


SPRINGFIELD, MASSACHUSETTS 
FURNACES—OIL & GAS BURNERS 


Offers Combined 530 Years’ Experience Building 


DEMPSEY FURNACES since 1917 + GILBERT & BARKER since 1908 
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bodies exist. The original plan 
was to increase the annual output 
to 20,000,000 tons ore, containing 
6,000,000 tons of iron, and the 
annual output in other districts 
to 25,000,000 tons, with 5,500,000 
After the 


Austria, even 


tons of iron content. 
incorporation of 
this plan would produce only 
about half of the German steel 
requirements from German ore. 
When the war started in Poland 
only about one-quarter of the 
iron requirements was mined at 
home. ) 

Salzgitter ores are low in iron 
and contain about 25° SiO., and 
can be smelted only with a large 
admixture of better ore and with 
excess lime. High sulphur in the 
pig iron is removed by soda treat- 
ment. The whole process was 
never justifiable from a cost 
standpoint; even the military 
usefulness was more than dou't 
ful from the very beginning 
More labor, more coke, and more 
power are needed for the extrac- 
tion of a given quantity of Salz- 
gilter iron than, for instance, 
from Swedish ores. 

Despite objections from indus- 
trialists and technicians, Goering 
founded the “Hermann Goering 
Works” in 1937 for working the 
Salzgilter ores, and immediately 
started the construction of huge 
furnaces with an annual output 
capacity of at least 4,000,000 tons 
of pig iron. The district is situ- 
ated about 
nearest coal mining center, the 
Ruhr. 


railway charges on coke and on 


150 miles from the 
Costs mount due to high 
the necessary Swedish ores 
While the latter can in normal 
times be shipped to the Ruhr fur- 
naces, via the Rhine, no cheap 
river transport exists to the Salz- 
gitter district. 

Losses in manufacture of raw 
material, however, are compen- 
sated for in profits on sale of 
manufactured goods and even 
munitions; these prices are fixed 


Continued on page 114 


*Extracts from special corre 
spondence in The Engineer, Oct. 


23, 1942, page 342. 
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Constructed of Misco light weight alloy sheet to give top per- Convey 
Misco sheet carburizing boxes 


formance under heavy duty, 


insure rapid and uniform heating of product, speed production 


soins 
, : : ipP 
by reducing handling time, save fuel and give the best results rm nide a d 
y y? 
at lowest cost. An ever increasing number of heat-treaters are Lead Pots - stings 
enthusiastic in their choice of Misco up-to-date light weight Centt 
sheet carburizing boxes ... We will be pleased to furnish you 
with complete details regarding the numerous advantages of ——— a 


io ye is . ings are extensively used throughout 
Misco sheet carburizing boxes. are ex . ghou 


the heat ‘Treating industry 


ichigan Steel Casting Company 


4 | 1999 Guoin Street 


One of the World's Pioneer 


re ciktedt Ailey come =—/- DETROIT. MICHIGAN 





Heat ond Corrosion Resistant Alleys 
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NA Z | STE eS LL pensated the losses of their iron interests in various industrial] 


and steel production by their fields. It is now the sole owner 

= — highly profitable other busi- of the Skoda Works and the 

nesses. The semi-official Her- Bruenner Waffenwerke in Czech- 

(Continued from page 108) mann Goering Works has oSlovakia; it also owns the Aus- 
either on the cost-plus principle extended its sphere of influence trian Alpine Montan Works, 
or according to a special price even further than any private various Silesian collieries, ore 
schedule which leaves a fair firm, and has grown into a posi- mines in Lorraine, and it con- 
profit margin to manufacturers tion unequaled by any other trols most of the Danubian ship- 
Iron and steel producers have industrial trust in modern Euro- ping; it trades in petroleum, and 
therefore acquired the manufac- pean history. With every new it is one of the leading Conti- 
turing establishments. Vertical territorial gain on the part of nental producers of office equip- 
trusts have, as a rule, over-com- Germany, it has acquired new ment. Furthermore, after the 


occupation of large parts of 





Soviet Russia, the works 
“acquired” the right to adminis- 
ter the whole of Russia’s mining 
and heavy industries. Early in 
1941, as many as 600,000 workers 
were employed in works com- 
pletely owned by the Hermann 
Goering Trust. 

There was a unique chance 
for Germany to reconsider her 
iron ore policy after the conques! 
of France and the Low Countries 
in the summer of 1940. The 
acquisition of the minette ore 
mines of Lorraine, in addition to 
the smaller, but valuable Luxem- 
bourg mines, made. self-sufli- 
ciency in iron ore a reasonable 
proposition for the first time. 
(Minette ores are not nearly so 


IGN ; ie ; ; 
This R-S Walking Beam Furnace is de- rich in iron as Swedish ores, bul 
signed for various types of heat treating : they contain less silicon and 
services and the continuous production of ; . ° 
material up to forty feet in length more calcium than the Salzgitter 

ores, ) However, it soon turned 

STRUCTION : 

out that the German Government 
R-S standards assure minimum fuel con- : , | ei i T 
sumpuon and the conservation of manual die no inte ri to TAK fu US¢ 
effort with maximum safety of the Lorraine mines. The Nazis 

RATION cut down the ore and coal sup- 


ply of the French furnaces, and 


Hydraulic operation and oil fired with auto- 
matic control. (Quench tank in the fore refused to release French soldiers 
ground). The length of stroke and cycles " 

per hour can be quickly changed accord- : who were coal miners. Even in 


ing to requirements 3 at 
ig . Where re local coal 

Specify R-S Standard Furnaces and obtain Be Igium her tine 

unusually quick delivery supply is much more plentiful, 


FURNACE DIVISION ‘ y . ‘ 2 ‘ " va) . 
R-S PRODUCTS CORPORATION blast furnaces have been cut 


128 Berkley St., Philadelphia, Pa. down to 40° of their pre-inva- 


sion output. The only explana 
tion is that the vested interests of 
the Hermann Goering Works in 
ANNEALING + CAR HEARTH + CONTINUOUS CONVEYOR + FORGING = the exploitation ot the Salzgitter 
en eee eee : ores were a powerful barrie 
against a more reasonable eco 
nomic policy. Certain indications 
in recent months may mean thal 





this policy is being revised. 





(Continued on page 116) 
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flwacded to 
THE INDIUM CORPORATION 
of AMERICA 


N award, bestowed November 12, 1942, for ‘‘accomplishing more than seemed reasonable 
or possible a year ago!’’ * * * Ours is not a large company but we are happy that the 
years we devoted to research in and development of INDIUM have culminated in a service 
of immense value to our armed forces. For it was INDIUM that supplied the practical answer 
to several of their most perplexing metallurgical and mechanical problems. * * * INDIUM, as 
an alloying element for the non-ferrous metals and as a supplementing element in the field 
of decorative and protective plating, has disclosed some astonishingly useful characteristics. 
Much in a commercial way has already been accomplished. Much more is on the way. 


INDIUM, once a laboratory curiosity, is today an economic force in the industrial world. 


THE INDIUM CORPORATION of AMERICA 


ibe icy Fe ae 4 
New York)Office: 60 East 42nd Street 
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| Later, however, according to all increase to replace German ores ‘ 


NAZI STE 


the major company reports, Ger- would probably not now be feasi- 

man steel production could only ble. Transport of ores, after the 

be just maintained at the mid- severance of the Narvik route, is 

(Starts on page 108 1940 level. Of the non-German only possible during the summer 

Germany, including Austria countries inside the Axis realm, months, and then under convoy 

and Sudetenland, produced only Italy seems to have to protect the ships from Russian 

95,300,000 tons of steel annually increased her steel production to submarines. New harbor facili- 

immediately before the outbreak a small extent, mainly by the ties are being constructed in 

of war, and the output was large-scale use of electric” tur- Lulea, Sweden, to replace the 
apparently still on the increase naces. The supply of Swedish destroyed docks at Narvik. 

up to the summer of 1940, new ores is probably not a major dil- Meanwhile, the supply of coal, 

plant having come into operation ficultv, though a large-scale which was formerly considered 


to be comparatively secure, has 





developed into a main bottleneck 





The output per man-shift has 


decreased since 1938, and in spite 


Y Y * of the empl ‘nt of very larg 

/ / ) proyment OF very tarps 
NAN av a MORE THAN EVER numbers of foreign workers (the 
P German press speaks of hundreds 

of thousands), in spite also of a 
vigorous fight against absentec 


ism and slackness, and in spite of 


a thorough administrative reor 


ganization, the total output has 


you = = nol been raised in Germany, 
nec \¢ Cs yrrotec - 
while it has been severely cut in 


tive atmosphi re and harden some coal mining districts in the 


ing equipment for yout High occupied countries. 
Speed Stee! The necessity for sending 
enormous supplies to the Rus- 
Oe ST oe ae a ee sian front and the building ot 
fortifications along the invasion 


is being reduced, making hard coast have strained the transpor- 


ening procedure more than ever tation system severely. It is not 
Lv 

tioal ' even possible to return any large 
critical and enact, 

quantities of iron scrap from the 
wa — battle fronts. It has now become 
Let The Ny ntry Dia mond Blo A . . 
, increasingly difficult to overcome 


Method automatically provid the raw material shortages by 


you with an atmosphere that will civilian restrictions, for produc- 


tion is concentrated in as few 





prevent hardening failures, and at ' 
factories as possible and the 


the same time Improve your hard Sentry number of tvpes h; ” ‘reat 
; ' of types has been greatly 
Size 4 Model “Y”’ ere” ; 
ening qu lity. Furnace reduces Just a tew examples 


have been taken at random from 


Sentry Diamond Blocks and Sentry Model “Y” High Speed the German press: Chere are now 
manufactured in Germany only 


Steel Hardening Furnaces are available in sizes to meet your 
2s ' six patterns of pocket knives, six 
tool requirements. varieties of seythes, two varieties 
of ploughs and of threshing 
Write or phone for Bulletin 1012-54. machines, one type of barbed 


wire for non-military use 


Numerous varieties of consume! 


goods cannot be produced at all 








To replace the many overlap- 


ping bureaucratic controls, a new 


The Sentry Company 
imOP @-10),108 MASS.,.U.S.A. as the “Reich Association for 


(Continued on page 118 


compulsory organization known 
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NAZI STEEL 


(Starts on page 108 
Iron” was instituted in June 1942 
It is, in fact, a huge vertical 
cartel, which combines all pro- 
ductive, trading, and research 
companies of the iron industry, 
including both rolling mills and 
ore mines. Efforts are being 
made to extend the use of heat 


treated strong steels Half the 
weight of many needed metal 
parts could be saved, but the 
technique calls for a “revolu- 
tionary change in the whole out- 
look of German engineers” 

The most striking recent 
development, however, has been 
the giant scrap campaign. There 
have been scrap collections in 
Germany before, but none on a 
All industrial 


establishments and all large and 


comparable seale. 





CIRC-AIR FURNACES 


WIDELY USED FOR GREATER WAR PRODUCTION 





CIRC-AIR Furnaces are gaining greater appreciation than ever before 
because of their wide use in the manufacture of aircraft, tanks, ships 
and guns. CIRC-AIR Units are available in capacities of from 200 
to 16,000 Ibs. per hour, at temperatures ranging from 200° to 


1250 


The illustration above was taken during the assembly of CIRC-AIR 
Units for the heat treating of aluminum at 650-1050 . . . one of 
eighteen such units recently completed. It is 431% ft. long (94 ft. in- 
cluding the cooling hood), 11 ft. wide, and is provided with two air 


heaters for two zones of control. 


Consider CIRC-AIR for your new requirements 


INDUSTRIAL HEATING EQUIPMENT CO. 


Manufacturers of Industrial Furnaces 


and Oil Burners Since 1917. st 


3570 FREMONT PLACE 


- re 


el 


_ DETROIT, MICHIGAN 


oe * 
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medium sized farms were 
required to give up all their old 
iron, their unprocessed iron and 
steel material of unusual types 
and sizes, any semi-finished iron 
and steel products, and material 
for canceled orders 

Furthermore, all spare parts 
and any machinery not needed 
at present were requisitioned; 
under certain conditions plants 
were shut down. No considera- 
tions of post-war economy were 
allowed to interfere. The really 
significant aspect of the cam- 
paign is that, according to 
German press reports, several 
million tons of semi-finished 
products were collected, and that 
huge quantities of brand-new 
machinery were to be seen in the 
collection centers. The delivery 
was voluntary in name, but was 
“supported” by S.S. authorities. 
As a rule, the industrialists and 
farmers received only the scrap 
price for the metal. 

The reasons for this large- 
scale scrapping of German indus- 
trial installations have been 
fairly frankly stated in German 
newspapers. The most vital con- 
sideration is that about half the 
coke is saved by using scrap 
instead of ore. Secondly, this 
saving of coke (and ore) results 
in an appreciable transport econ- 
omy, in spite of the need to trans- 
port the scrap to the furnaces. 

In spite of various more 
optimistic predictions by English- 
men, there is no conclusive evi- 
dence that the production of high 
grade steel will ever be prevented 
in Germany through the lack of 
alloys. Russia furnished Ger 
many with ample mangarese up 
to the invasion date (June 1940) 
and now the Germans have cap- 
tured the important manganese 
mines near Stalingrad. The 
stocks of alloy metals in Ger- 
many must have been consider- 
able at the outbreak of war, and 
certain additional quantities may 
have been transported from the 
Far East until Russia entered the 
war. Much research has also been 
expended on the improvement of 


steel alloys. S 








Other Special 
INGERSOLL 
Sheet Steels 


include: 


Alloy Steels 

Armor Plate 

Clutch Plate Steels 

Tillage Steels 

Soft Center Steels 

Shovel Steels 

Knife Steels 

TEM-CROSS Steel 

IngAclad 
(Stainless-Clad Steel) 


That’s the Way You Can 
| Be Sure of Getting 
“® D-B-L backed by 4 Years’ 


Manufacturing Experience 


Ingersoll D-B-L is the lower cost type of High 
Speed Steel that has so successfully solved the 
Hack Saw Blade problem for America’s record 
wartime production. 


Four years ago, Ingersoll began to produce D-B-L 
Steel for Hack Saw Blades. So successful was this 
product that many Hack Saw Blade users adopted 
it long before wartime restrictions curtailed the 
use of vital alloys. 

The remarkable performance of Ingersoll D-B-L 
... its relative freedom from decarburization .. . 
its tough cutting quality and its high impact re- 
sistance . . . plus its lower cost, have made it a 
wartime favorite. Specify Ingersoll D-B-L, on its 
4-year record of past performance. 


INGERSOLL STEEL & DISC DIVISION 
BORG-WARNER CORPORATION 


New Castle, Indiana 
Plants: New Castle, Ind.; Chicago, Ill.; Kalamazoo, Mich. 


Stainless Steels and Saw 
Steels, including ‘*18-4-1" 
and Molybdenum and 
D-B-L Hack Saw Steels 














material is available, but 


POWDER per & 


the price to be 


IRON 
paid naturally 
depends upon the chemical spec- 
ification of the 


itself, the facility with which it 


iron powdel 
(Continued from page 64 


price of 2¢ per Ib. It has its uses, is worked and the physical char- 


but the manufacturer cannot acteristics of the finished part 
guarantee results generally to be made therefrom. 

expected of compressed and sint In reviewing the five groups 
ered parts The price scale LOCS the reade! can readily see that 
up to $1.00) per Ib. and even there is merit in each type of 


quantities. iron powder. Since there is a 


9¢ to $1.00 


higher for small 


Jelween these prices market for high priced powdet 
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Strip for Action! Strip made from Wilbur B. 


Driver Co. special alloys! Strip that has so many 





essential war uses! As it is rolled through our 
mills, day and night, we know it will do its part 
in flattening the Axis! 

Consult us for your special alloy requirements 
in rod, wire, ribbon and strip—both hot and cold 


eliicte BM 


(a) WILBUR B. DRIVER CO. 


NEWARK, MEW JERSEY 


Vetal Progress: Page 126 








and for low, it would appear that 
iron powder is nol 


the fundamental governing fac 


the price ot 


tor. The purer the iron and the 
lower its relative cost, the large 
outlet. It has 
been indicated by one user that 


the prospective 
the price of the raw material 


does not affect him very much, 
for it is the chemical and phys- 
that 
him to produce desirable parts. 
His labor cost is 90 


duction and the raw material but 


ical characteristics allow 


of the pro- 


10°. In such a case the raw 


material could cost twice as 
and the 


would not cost much more. 


much final product 


Non-METALLURGICAL USES 


Those acquainted with the 
art of powder metallurgy realize 
that there are a great many uses 
that 


application requires its own most 


for iron powder and each 


appropriate type. There are two 
other 


industries, but 


very large consuming 
as they do not 
come under the heading of pow 
der metallurgy they will merely 
be mentioned. 
The dye-stull 


particularly for 


industry 


uses 
iron powder, 
deoxidation, in the manufacture 
of aniline. The quantities used 
for this purpose are quite appre 
ciable. 

The other large consumer not 
under the classification of 
is in the field of 

healthy 


skin, an 


pow 
der metallurgy 
agriculture \ wheat 
grain has a smooth 
unhealthy one a skin 
Both 


practice to place mixed grain 


crinkly 
here and abroad it is a 
and iron powder in a tumbling 


equipment, wherein the very 
finely divided iron settles only in 
the grooves of the unhealthy 
then 


nated by passing them under a 


grains, which are elimi 


magnet, leaving only the sound 
grains for milling 
We have not able to 


check the exact quantity used in 


been 
these two fields, but are assured 
that the amount of iron powde! 


runs into many hundred tons 


vearly. ¢S 

















ARE YOU 


_ DRAWING STEEL 
CARTRIDGE CASES? 


HEAT TREATING 
_. ARMOR-PIERCING 
SHOT? 


"DRILLING, REAMING 
, and RIFLING 
GUN BARRELS? 


HARDENING 
H EXPLOSIVE SHELLS? 


UST-PROOFING BETWEEN 
OPERATIONS, IN STOR- 
| AGE OR SHIPPING? 


CARBURIZING 
ARMOR PLATE? 


| you receive “WAR PRODUCTION 

ATA from The HOUGHTON LINE?” 

lls more about the above and related 
processing. It's free. 





Houghton is working cooperatively with contractors on 
this new type of case. We can help you in the selection 
of the best drawing compound to ease the draw. 





Neutral hardening in salt . . . decremental hardening 
. +. Stress relieving—Houghton has products and proc- 
essing data which will aid in your heat treatment. 





Houghton is helping makers of small arms and medium 
caliber guns produce faster and more accurately, by 
supplying cutting fluids that take plenty of punishment 
and assure high finish, longer tool life, fewer rejects. 





Lower alloy steels require fast rate of quenching. 
Houghto-Quench, devised for armament work, answers 
the quenching problem...makes it possible to meet 
government standards while conserving vital alloys. 





Name your problem; we have the answer, based on 
seventy years of rust prevention. Every required con- 
sistency and type of Houghton's Cosmoline and Rust 
Veto to meet government and industrial specifications. 





Light, medium or heavy plate—we supply carburizing 
compounds used for most of the case-hardened armor 
plate now being produced for the war effort. 





E. F. HOUGHTON & CO. 


Oils, Leathers and Metal Working Products 
PHILADELPHIA 


Chicago Detroit San Francisco 











WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





METAL WORKING e FABRI- 
CATION 


Kennametal tools, specifications 
and prices. McKenna Metals Co. Bul- 
letin Hf-238. 

_ 140-page working manual on “Cy- 
lindrical Superfinishing.”  Inter- 
national Machine Tool Corp., Foster 
Div. Bulletin Hf-410. 

Forging presses. 
Bulletin Ff-105. 
_ Horizontal extrusion presses, roll- 
ing mills, pumps and accumulators. 
Hydropress, Inc. Bulletin Ff-394. 

36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin Ff-132. 

Cutting Oils, Cities Service Oil Co. 
Bulletin Ee-113. 

Cutting Oil Handbook, D. A. Stuart 
Oil Co. Bulletin Ke-118. 

Presses for Powder Metallurgy. 
F. J. Stokes Machine Co. Bulletin 
Af-335. 

36-page booklet on properties and 
uses of cutting oils. Gulf Oil Corp. 
Bulletin Ef-360. 

Guide book shows forty different 
ways to cut machining costs. Conti- 
nental Machines, Inc. Bulletin Ef- 
170. 


Ajax Mfg. Co. 


Convenient, pictorial chart shows 
abrasive cloth gadgets in a form that 
will guide users in the proper finish- 
ing operation. Behr-Manning Corp. 
Bulletin Nf-467. 


New leaflet shows “dag” colloidal 
graphite as a lubricant for running- 
in internal combustion engines, com- 
pressors and other mechanical equip- 
ment. Acheson Colloids Corp. Bul- 
letin Lf-465. 

“Hyper-milling”’, a radical innova- 
tion in face-milling of steel, is de- 
scribed in booklet by Firth-Sterling 
Steel Co. Bulletin Lf-177. 

Abrasive belt polishing machines. 
Divine Brothers Co. Bulletin Kf-434. 

Metal cuttings saws. Wells Mfg. Co. 
Bulletin Kf-316. 

Cutting oils. Warren Refining & 
Chemical Co. Bulletin Kf-454. 

New 32-page book presents details, 
photographs and tables on opera- 
tion of abrasive cutting machines. 
Andrew C. Campbell Div., American 
Chain & Cable Co. Bulletin Nf-466. 

Newly developed equipment in- 
corporating use of surface coated 
abrasive belts for producing faster 
finishes is described in booklet is- 
sued by Minnesota Mining & Mfg. Co. 
Bulletin Ag-470. 





Free Machining Steels. Monarch 
Steel Co. Bulletin Cd-255. 

Tool Steels. Bethlehem Steel Co. 
Bulletin Ce-76. 

Die Steels. Latrobe Electric Stee! 
Co. Bulletin Ld-208. 

Steel data. Vanadium-Alloys Steel 
Co. Bulletin Kd-294. 


Enameling iron sheets. Inland 
Steel Co. Bulletin Ld-295. 


NAX high tensile low alloy steels. 
Great Lakes Steel Corp. Bulletin Kd- 
229. 

Loose-leaf reference book on mo- 
lybdenum steels. Climax Molybde- 
num Co. Bulletin Hb-4. 


Simplified method for calculating 
heat treatment of alloy steels. Peter 
A. Frasse & Co., Inc. Bulletin Cf-172. 

Four Coppco tool steels. Copper- 
weld Steel Co. Bulletin Cf-311. 

Nitralloy and the Nitriding Proc- 
ess. Nitralloy Corp. Bulletin Df-116. 

Information for determining over- 
all heat transfer rates. International 
Nickel Co. Bulletin Kf-45. 

Wall Chart on spark testing tool 
steels. Carpenter Steel Co. Bulletin 
Kf-12. 

Aircraft steels, bearing steels. 
Rotary Electric Steel Co. Bulletin 
Kf-429. 

Steels. Boker & Co. Bulletin Kf-450. 

Cold drawn steels. Wyckoff Drawn 
Steel Co. Bulletin Kf-99. 

Steel Data Sheets. Wheelock, Love- 
joy & Co. Bulletin Ox-74. 

Saving of stainless steel through 
use of Pluramelt. Allegheny Ludlum 
Steel Corp. Bulletin Df-92. 

New 60-page data book on molyb- 
denum wrought steels has been is- 
sued by Molybdenum Corp. of Amer- 


\ 


A new and attractively illustrated ica. Bulletin Nf-312. 
catalog describes the mounted 
wheels, Handee and Hi-Power tools 
and a wide variely of accessories 
developed by Chicago Wheel & Mfg. 
Co. Bulletin Kf-230. 

Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 
Kf-433. 





FERROUS METALS 


Enduro stainless steels. Republic 
Steel Corp. Bulletin Hf-8a. 

Steel Stock List. Jos. T. 
& Son, Inc. Bulletin Fe-106. 

Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin Kd-85. 





Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 132, 134, 136, 138, 142, 
144 and 147. 
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Metal Progress 7301 Euclid Ave., Cleveland 
Send me the literature | have indicated below. 
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(Students—please write direct to manufacturers.) 


Check or circle the numbers referring to literature described on these 8 pages. 


Page 130 Page 132 Page 134 Page 136 

Hf-238 Lf-177 Kd-229 Nf-173 De-307 Gf-248 Ff-395 Df-377  Ox-97 Lf-38 Na-138 = Ff-11 
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Af-335 Fe-106 Kf-429 Lf-436 Ff-10 Lf-60 De-303 = Cf-22 Hr-49 BI-66 Bf-234 Be-82 to | 
Ef-360 Kd-&85 Kf-450 Lf-382 Ne-86 Nf-470 Af-198 Ef-21 Lf-55 Bb-187 pied 
Ef-170 Cd-255 Kf-99 oo 8 ar ae Ce-35 Kf-206 = If-419 Ce-302 —- Af-226 ; pe 
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Kf-230 Ce-76 =a cf-157 Kf-87 Lf-203 Ff-321 Ne-114 Ke-2 
Kf-433 La-20n «= OX 74 Kf-54 = Ld-191 Ag-175 Hb-180 =Kf-428 = Lf-145 poo Hb-81 
Nf-467 Kd-294 Pf-92 Kf-437 Ge-63 Ag-134 Ne-330 Kf-458  Lf-287 Bf-183 Be-30 
Lf-465 Ld-295 Nf-312 Kf-421 —If-69 Ag-331 Cf-368 Kd-288 Lf-44 Lf-461 Ce-219 Cf-70 

Page 138 . Page 142 ——— Page 144 Page 1479 

pDf-60 Kf-388 Nf-181 Ce-75 Lf-356 Ne-329 — te A Ag. 4 D-17 Kf-423 Lf-460 
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Ef-328 Kf-4i3 Ag-128 antennas ee New2s4 «Ga-90 0 Af-237 eee ee dll : 
Ef-386 He-41 Ag-5l Nf-192 cate — Ff-396 Had-271 Bf-359 of-387 uf - 294 ~ 
Kf-399 Ke-211  Ag-310 Ag-169 Ff-397 = Df-376 Hf-131 Kf-451 He-184 Kf-422 Lf-108) = Ag-226 


Vetal Progress; Page 130 












st out 











CUPTAIMG FAP THE AYIC 








Battery of High and Low Temperature Recirculating Type Furnaces 





Carl-Mayer Furnaces and Ovens are commanders in 
the thick of the battle of production. 

Their leadership has been verified over and over again 
by repeat orders from concerns of national promi- 
nence, in face of wide competition. 


Call for a Carl-Mayer Engineer, or write for Bulletin 


SHOT AND SHELL FURNACE a 


Built for stress relieving shot and shells from 20 


» 105 mm. Used in outstanding plants. Many CARL-MAYER, 3030 Euclid Ave., CLEVELAND, O. 


repeat orders. 





\merican Magnesium Corp. Eclipse Aviation Division A FEW Hollup Corp. Steel Co. of Canada 


\iuminum Coe. of America ef Bendix Aviation Corp. Hyatt Roller Bearing Co. Thompson Products Co, 
—_ Wire Co. Ford = oe o CARL-MAYER a An, é +, + —— Roller Bearing 
tas Steel Corp. General Electr 0. sburg oo e °. 

idgeport Brass Co. General Motors Corp. CUSTOMERS Co. Wickwire-Spencer Co. 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





New leaflet describes Jessop Steel 


Co.’s Truform die steels. Bulletin 
Nf-173. 
Shop notes on the machining of 


Stainless steels are presented in new 
24-page book by Rustless Iron & 
Steel Corp. Bulletin Nf-169. 

Facts and figures for the practical 
use of NE steels are presented in 
booklet by Joseph T. Ryerson & Son, 
Inc. Bulletin Ag-106. 


NON-FERROUS METALS 


Silver alloy brazing. Handy & Har- 
man. Bulletin Hf-126. 
Bronze. Frontier 
Bulletin Kf-455. 

Various applications of bronze in 
the war industries are shown in new 
$-page booklet by Ampco Metal, Inc. 
Bulletin Lf-175. 

Copper Alloys. American Brass Co. 
Bulletin Kd-89. 

{/uminum alloys for aircraft. Rey- 
nolds Metals Co. Bulletin Lf-436. 

October Copper & Brass Research 
Assn. “Bulletin” features article on 
radio’s use of brass. Bulletin Lf-382. 


Bronze Corp. 


Platinum Metal Catalysts. Baker & 


Co., Ine. Bulletin Af-337. 


New edition of “Machining Alcoa 
Aluminum”, Aluminum Co. of Amer- 
ica. Bulletin Kf-54. 

New, complete catalog describes 
features and savings incorporated in 
die casting equipment of Lester- 
Phoenix, Inc. Bulletin Kf-437. 

Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 
cavities. Cerro de Pasco Cop- 
Bulletin Kf-421. 
Castings. National 
Foundry Co. 


cast 
per Corp. 

Aluminum 
Bronze & Aluminum 
Bulletin De-307. 

Dowmetal data book. 
cal Co. Bulletin Ee-215. 

Handy, compact reference data on 
brass and bronze castings. Hammond 


Dow Chemi- 


Brass Works. Bulletin Df-371. 
Reference on properties of lead. 
St. Joseph Lead Co. Bulletin If-415. 


Catalog of brass, bronze and iron 


alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin Gf-67. 





He turnace of foday and Tomorrow 








TOP 
CHARGE 
TYPE 


Yoore Rapip 


Lectromelt 





* Flexibility, rapidity and economy Of operation are dis- 
tinguishing features of LECTROMELT furnaces. They are 


ruggedly built to give long and efficient service with mini- 


mum maintenance. 


Top charge type LECTROMELTS in- 


crease steel production with less consumption of power, and 


with savings in refractory and electrode costs. 


Both door 


charge and top charge LECTROMELTS are available in 


sizes ranging from 100 tons down to 25 pounds capacity. 


Write for complete details. 


PITTSBURGH LECTROMELT FURNACE CORPORATION 
PITTSBURGH, PENNSYLVANIA 
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New “Copper Guide” is a han 
book for easy reference to techno! 
ogy and properties of copper and 
copper base alloys, welding tech- 
nique, etc. Revere Copper and Brass, 
Inc. Bulletin Nf-239. 

80-page Duronze Manual, well in- 





dexed for reference, presents data by 
on high strength silicon bronzes, a 
Bridgeport Brass Co. Bulletin Nf. q 


163. 


WELDING 
Arc Welding. Lincoln Electric Co. : 
Bulletin Ff-10. a 
Welding Stainless. Page Steel & 


Wire Div., American Chain & Cable 
Co., Ine. Bulletin Ne-86. 

New chart explains how to select 
proper flux for every welding, braz- 
ing and soldering job, gives answers 
to 400 metal-joining questions. 
Krembs & Co. Bulletin Ff-393. 

Electrode quantity and welding 
time graph. Arcos Corp. Bulletin 
Ld-191. 

Oxy-acetylene welding and cutting. 
Linde Air Products Co. Bulletin Ge- 
63. 

“Fight-waste” booklet. 
tion Sales Co. Bulletin 

Shield Are electrodes. 


Air Reduc 
If-69. 
McKay ( 


Bulletin Gf-248. 

1-C welders for use with Unior 
melt process. Westinghouse Electric 
& Mfg. Co. Bulletin Kf-134. 


Sciaky radial portable welder. Sci 
aky Brothers. Bulletin Kf-425. 
Castolin Eutectic Alloys as a sub 


stitute for scarce bronze or _ brass 
welding rods. Eutectic Welding Al 
loys Co. Bulletin Lf-301. 


Two-stage “Regolator” for produc 
ing a non-fluctuating welding flame 
National Cylinder Gas Co. Bulleti: 
Af-331. 

New catalog contains 88 pictures 
of new Suttonizing welding method 
for reclamation of high speed ste 
tools. Welding Equipment and Sup 
ply Co. Bulletin Lf-464. 

Are welding accessories availabl 
through General Electric Co. ar 
illustrated in new Bulletin Lf-60. 

New precision welder with the 
streamlined are is described in leaf 
let issued by Hercules Electric & 
Mfg. Co., Inc. Bulletin Nf-470. 

Preheating, welding and normaliz 
ing by electrical reaction and indu 
tion is described in leaflet by Electr: 
Arc, Inc. Bulletin Ag-468. 

Arc-welding without preheat in the 
repair of brass and bronze castings 
is described in engineering dat 
sheet issued by Ampco Metal, I 
Bulletin Ag-175. 

Speed is increased 20 to 3 
and power costs cut one-third will 
the Flexare A-C welders described 
in new booklet by Westinghous¢ 
Electric & Mfg. Co. Bulletin Ag-134 

“Sureweld” protected arc ele 
trodes, in many types and sizes, 
scribed in illustrated literatu 


Hollup Corp., division of Nationa 
Cylinder Gas Co. Bulletin Ag-33! 





Use Handy Coupon on Page 130 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 134, 136, 138, 142 
144 and 147. 











BRASS 


PRODUCTS 





Beadd. 
miles of metal 
from a modern mill 3 






\ YAR’S demands for more and more brass are being 
met on schedule by Western. Modern equipment, 
like the “hot mill” pictured above, keeps our produc- 
tion in “high.” It is rolling out miles of metal each day 
for the war program. 
Perhaps our experience in producing brass for specific 
needs, and our rigid policy of always meeting the spec- 
ifications, would be useful to you—now, for your war 


needs, or for your post-war commercial production. 
We'll be glad to discuss your requirements. 


Brass...Phosphor Bronze...Nickel Silver 
BRASS MILL DIVISION 


Western Cartridge Company 
_ East Alton, Illinois 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





TESTING & CONTROL 


Kodak Products for 
Radiography”, Eastman 
Bulletin Ff-395. 

Inspection of non-magnetic metals 
with the new Zyglo method. Magna- 
flux Corp. Bulletin If-401. 

Industrial radiography with ra- 
dium. Canadian Radium & Uranium 
Corp. Bulletin Ff-320. 

Metallurgical laboratory apparatus. 
Burrell Technical Supply Co. Bulle- 
tin Ff-213. 

Tension and compression strains. 


Industrial 
Kodak Co. 


American Instrument Co. Bulletin 
Nv-259. 

X-Ray Diffraction Unit. General 
Electric X-ray Corp. Bulletin He-6, 


Radium for industrial radiography. 
Radium Chemical Co., Inc. Bulletin 
Bf-345. 

Modern Polishing. 
rett. Bulletin De-303. 


Film and plate processing equip- 
ment for spectro analysis. Harry W. 
Dietert Co. Bulletin Af-198. 

Optical Aids. Bausch & Lomb Opti- 
cal Co. Bulletin Ce-35. 


Universal testing machines and 
typical uses. Riehle Testing Machine 
Div., American Machine and Metals, 
Inc. Bulletin Cf-157. 


Pyrometer Controller, Ulinois Test- 
ing Laboratories, Inc. Bulletin Hb- 
180. 

Universal enclosed terminal head. 
Arklay S. Richards Co. Bulletin Ne- 
330. 

Metallographic polishing powder. 
Conrad Wolff, Bulletin Cf-368. 

Portable Brinell hardness tester and 
folding Brinell microscope. Andrew 
King. Bulletin Df-377. 

8-page leaflet makes a detailed 
presentation of the Coleman uni- 
versal spectrophotometer. Wilkens- 
Anderson Co. Bulletin Lf-7. 


Tracy C. Jar- 


Revised catalog of Micromax ther- 
mocouple pyrometers has just been 
issued by Leeds & Northrup Co. Bul 
letin Lf-46. 

Laboratory and industrial electric 
furnaces manufactured by Cooley 
Electric Mfg. Corp. are described in 
new Bulletin Lf-462. 

Automatic stress-strain 
is discussed comprehensively 
equipment is pictured in new 
let by Baldwin-Southwark 
Baldwin Locomotive Works. 
tin Lf-67. 

New bulletin interprets WPB con- 
servation order L-134 as it applies 
to use of thermocouples and thermo- 
couple protecting tubes for pyromet- 


recording 
and 
book- 
Div., 
Bulle- 


ric instruments. Wheelco Instru- 
ments Co. Bulletin Lf-110. 

Metallurgical Equipment. Adolph 
I. Buehler. Bulletin Ke-135. 


Hardness testing equipment. Wil- 
son Mechanical Instrument Co., Ine. 
Bulletin Cf-22. 

Potentiometer temperature indica- 


tors. Foxboro Co. Bulletin Ef-21. 

Gage blocks, comparators, projec- 
tors. George Scherr Co. Bulletin 
Kf-206. 


Pyrovac radiation pyrometer. Bris- 
tol Co. Bulletin Kf-87. 

Complete information on National 
Spark Testing Assn.’s methods of as- 
certaining the chemical composition 
of steel. Bulletin Kf-428. 

Slomin high speed 
analyzers and other 
laboratory equipment. E. H. 
& Co. Bulletin Kf-458. 

Surjace Analyzer. Brush Develop- 
ment Company. Bulletin Kd-288. 

Polishing Machine. Cincinnati 


electrolytic 
metallurgical 
) Sargent 


Electrical Tool Co. Bulletin Ox-97. 
Vicro-Optical Pyrometers. Pyrom 
eter Instrument Co. Bulletin Ke-37. 


X-Ray metallurgical laboratory 
service is described and _ illustrated 
in new file folder issued by Claud S. 


Gordon Co. Bulletin Nf-53. 





the 


pre cesses 


booklet on 
control of industrial 
been issued by Brown 
Co. Bulletin Nf-3. 
Constant temperature dry-ice cab- 
inet for temperatures from minus 90 
to 220 deg. F. is new laboratory 
described in leaflet by 
Instrument Co. Bulletin 


precision 
has 
Instrument 


‘) j page 


deg. 
instrument 
American 
(g-259. 
Dillon tensile tester and the Dillon 


dvnamometer are described and il 
lustrated in new leaflet issued by 
W. C. Dillon & Co. Bulletin Ag-466 


HEATING e HEAT TREAT- 
MENT 


Tempering, annealing, stress-reliev- 
ing. Leeds & Northrup Co. Bulletin 
Hf-46. 

56-page vest pocket data book on 


heat treating practices and proce- 
dures. Chicago Flexible Shaft Co. 
Bulletin Hf-49. 


24-page catalog describes gas, oil 
and electric Holden heat treating pot 
furnaces, and baths. A. F. Holden Co. 
Bulletin Lf-55. 


Industrial furnaces for ingots, bil- 


lets, slabs, bars, rods and gun bar- 
rels. Wellman Engineering Co. Bul- 
letin If-419. 


New 8-page booklet describes and 
illustrates gas, oil and electric heat 
treating and carburizing furnaces of 
Holcroft & Co. Bulletin Lf-203. 

Faster production with Tocco 
hardening, brazing, annealing and 
heating machines is set forth in new 
16-page booklet by Ohio Crankshaft 
Co. Bulletin Lf-145. 

Kleen-well oil strainers for quench 
oil cooling systems is described in 
leaflet by Bell & Gossett Co. Bulle- 
tin Lf-287. 

Gas cracking unit for production 
of a protective atmosphere during 
heat treatment of alloy and high car- 
bon tool steels is described by Hevi 
Duty Electric Co. in new Bulletin 
Lf-44. 
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« « « « for tough jobs like Cold Nosing Shell 
and Drawing Booster Cups 


HIS extra heavy-duty deep drawing lubricant is in wide use today — 


credit 


Chicago, U.S.A. ° 
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achieving important production improvements on difficult forming op- 
erations. If you have a problem it will pay you to try Stuart's 
—order a trial drum today with a guarantee of 100% satisfaction or 100% 


Send work details for application directions 


For All Cutting Fluid Problems ” 


D. A. STUART OIL CO. 


LIMITED . 
Werehouses in All Principol Metel Working Centers 
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Translating MOTIVE POWER 







BRONZE BUSHINGS + BEARINGS * PRECISION BRONZE BARS 
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@ Tanks, torpedo boots, aircraft, 
scout cars, half-track vehicles, and 
countless mobile units on the 
battle fronts and supply lines of 
the armed forces of the United 
Nations depend upon the Bunting 
Bearings with which Universal 
Joints, Propeller Shafts, Transmis- 
sions, Clutches, Power Take Offs, 
Axles, Torque Converters and 
other mechanisms are equipped. 


Bunting Bronze Synchronizing 
Rings, which are a vital part of 
certain Tank Transmissions, pro- 
vide the ready maneuverability so 
necessary in these outstanding 
combat units. Many and various 
Bunting Bronze Bearings, Bush- 
ings and Bronze parts give 
smooth, dependable performance 
to the other control and power 
mechanisms. 


Manufacturers of these great 
weapons find Bunting products 
able to meet exacting specifica- 
tions. If you have a bearing prob- 
lem in any field of application, 
Bunting experience and resources 
can help you. The Bunting Brass 
& Bronze Company Toledo, Ohio. 
Warehouses in All Principal Cities. 














WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





Liquid salt baths for carburizing, Unichrome alkaline copper proc- 
annealing, reheating, tempering and esses for improvement of selective 
neutral hardening are described by hardening and deep drawing of steel 
E. F. Houghton & Co. in new Bulle- are described by United Chromium, 
tin Lf-38. Inc., in new Bulletin Lf-463. 





- F— 


——. 


x 








ANNEALING, NORMALIZING AND 


VULCAN tin icine rience 


With Improved Firing and Control Features 


A new method of direct firing, in the Vulcan Car Hearth Furnace illustrated 





above, produces a convection effect and provides greater efficiency and 
economy in the heat treatment of castings and weldments. Advantages: Less 
time to uniformly heat the charge to temperature; better uniformity at tem- 
perature; more rapid, uniform rates of heating, even when charge is not 
uniformly loaded in furnace; elimination of localized high temperature areas, 
thus reducing furnace maintenance and lengthening furnace life. Oil or gas 
fired, with several zones of control. 

Send for complete information about this and other Vulcan custom-built 


furnaces for Annealing, Normalizing, Stress Relieving and other Heat Treat- 


ing Operations; Forging, Melting and Special Heating work. 


VULCAN CORPORATION 





1796 Cherry Street Philadelphia, Pa. 
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Annealing and stress-relieving of 
cartridge cases are discussed by Sur- 
face Combustion Corp. in new Bulle- 
tin Lf-51. 

Method of handling cylinder anhy- 
drous ammonia for metal treaters is 
comprehensively described and pic- 
tured in 12-page booklet by Armour 
Ammonia Works, division of Armour 
and Co. Bulletin Lf-443. 

“Pulverized Coal, the Victory Fuel’. 
Amsler-Morton Co. Bulletin Ff-286. 

Heat treating furnaces. Johnston 
Mfg. Co. Bulletin Ff-155. 

Heat treating production. Lindberg 
Engineering Co. Bulletin Bf-66. 

Rotary Hearth Furnaces. Lee Wil- 
son Sales Corp. Bulletin Ce-302. 

Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin Ff-321. 

Industrial ovens, rod bakers, weld- 
ing rod ovens, furnaces. Carl-Mayer 
Corp. Bulletin Bf-183. 

Modern electric furnaces for heat 
treating are described by Harold E. 
Trent Co. in new Bulletin Lf-461. 

Low pressure oil burners. North 
American Mfg. Co. Bulletin Na-138. 

Industrial Furnaces. W. S. Rock- 
well Co. Bulletin Ke-34. 

Non-metallic Electric Heating Ele- 
ments. Globar Div., Carborundum 
Co. Bulletin Lb-25. 

Certain Curtain Furnaces. C. 1. 
Hayes, Inc. Bulletin Ne-15. 

Modern Shell Furnaces. Mahr Man- 
ufacturing Co. Bulletin Bf-5. 

Butterfly Valves. R-S Products 
Corp. Bulletin Bf-234. 

Gas-fired Forge Furnaces. Eclipse 
Fuel Engineering Co. Bulletin Af-226. 

Vertical Furnace. Sentry Co. Bul- 
letin Ne-114, 

Conveyor Furnaces. Electric Fur- 
nace Co. Bulletin Be-30. 

Industrial Carburetors. C. M. 
Kemp Mfg. Co. Bulletin Ce-219. 

Condensed Catalog. American Gas 
Furnace Co. Bulletin Ff-11. 

Convected Air Furnace. Despatch 
Oven Co. Bulletin Nd-123. 

Molten Salt Baths. E. I. DuPont 
de Nemours & Co., Inc., Electrochem 
icals Department. Bulletin If-413. 

Heat treatment in electric salt bath 
furnaces. Ajax Electric Co., Inc. Bul- 
letin If-43. 

New Electric Furnace. American 
Electric Furnace Co. Bulletin Gd-2. 

Furnace Experience. Flinn & Dref 
fein Co. Bulletin Be-82. 

Dehumidifier. Pittsburgh Lectro 
dryer Corp. Bulletin Bb-187. 

Furnaces. Dempsey Industrial Fur- 
nace Corp. Bulletin Ke-260. 

High Temperature Fans. Michiana 
Products Corp. Bulletin Hb-81. 

Turbo-compressors. Spencer Tur- 
bine Co. Bulletin Cf-70. 
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Whether it’s a Rivet Heater, Pot Furnace, Air- 
Draw, or any other type of furnace, it is im- 
portant to use the right furnace for the right 
job. Eclipse manufactures a variety of furnaces 
from which to choose, and each selection is a 
guarantee of service and performance. Of 
course, each problem must be thoroughly an- 
alysed before the type and size of furnace may 
be determined. To help you, Eclipse Engineers 
are at your service at all times. 
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Eclipse Fuel Engineering Company 
ROCKFORD ILLINOIS 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





Drycolene. General Electric fur- 
nace atmosphere. Bulletin Df-60. ing baths. 
klectric: Furnaces for laboratory letin Cf-36 
ind production heat treatment. Hos Electric 
kins Manufacturing Co. Bulletin Cf naces. H. 
4 f-379. 


Control of temperatures of quench- 


Niagara Blower Co. Bul- 
a 

box type and mutile fur- 
O. Swoboda, Inc. Bulletin 
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ANNEALING ATMOSPHERES 


KEMP SILICA GEL DEHYDRATORS 


guarantee the exact degree of dryness you 


need in your annealing atmospheres. 


Designed by gas equipment engineers; 
and proven by an impressive record of 
dependable and economical operation in 
plants demanding constant and exact drying 
of annealing atmospheres. 


Write The C. M. Kemp Mfg. Company, 
405 East Oliver Street, Baltimore, 
Maryland-~—ask for Dryer Bulletin. 


awarded “for 


The - Vary flag, 


high achievement in the produc- 


‘ irieny 
tion of materials of war”, proudly 


flies at The ¢ VW. Akemp Mie. Co 








STANDARD UNITS 
BUILT TO GIVE: 
Capacities: 
10 to 100,000 c.f.m 
Pressures: 
Atmospheric to 2500 
lbs. per square inch 


Adsorbent: 
Silica Gel, high ca- 
pacity, long life 


Activation: 

By gas, electricity, 
or steam, as desired 
Types: 

Single ortwintowers 
for intermittent or 
continuousoperation 














KEMP of BALTIMORE 





Vetal Progress: Page 138 








Lithco, the chemically-neutral heat 
treating process, and Lithcarb, t 
process for fast, bright gas-carburiz 
ing. Lithium Corp. Bulletin Ef-31! 

Dual-Action quenching oil. Gulf 
Oil Co. Bulletin Df-360. 

Induction heating. Induction Heat 
ing Corp. Bulletin Ef-323. 

Internally heated salt bath furnaces 
and pots. Upton Electric Furnace 
Div. Bulletin Ef-386. 

Sub-zero equipment for aluminun 


storage, shrinking of metal parts 
Kold-Hold Mfg. Co. Bulletin Kf-399, 


S.F.E. Standard Industrial furnace 


catalog. Standard Fuel Engineeri 
Co. Bulletin Kf-388. 


Controlled atmosphere furnace for 


OR ke lI” SF tec lily em lll BBs ty 


heat treatment of tool and _ alloy 
steels. Delaware Tool Steel Corp 
Bulletin Kf-439. 

Low temperature equipment for 
aging, shrinking, ete. Deepfreez 
Div., Motor Products Corp. Bulleti: 
Kf-444. 

Heat treating furnaces. McCani 
Furnace Co. Bulletin Kf-446. 

Furnaces. Tate-Jones Co. Bulleti 
Kf-447. 

Gas-burning equipment. National 
Machine Works. Bulletin Fe-310. 

Furnaces. Vulean Corp. Bulleti: 
Kf-448. 

Electric Furnaces. Ajax Electro- 
thermic Corp. Bulletin He-41. 

New Heat Source, for Heat Treat . 
ing, Brazing and Melting of ferrous 
and non-ferrous metals. Lepel Hig! 
Frequency Laboratories, Inc. Bull 
tin Ke-211. 


16-page engineering and data book 


let on proportioning oil burners 
Hauck Mfg. Co. Bulletin Nf-181. 


8-page pictorial bulletin describes 
the heat treating service of Conti 
nental Industrial Engineers, Inc. Bul 
letin Nf-154. 


Flame-type mouth and _ taper 
nealing machine for steel cartrids 
cases is described in new leaflet by 


Morrison Engineering Corp. Bullet 
Nf-305. 

No-Carb, a liquid paint for prev 
tion of carburization or decarburiza 
tion, is described and use illustrat 
in new leaflet by Park Chemical ¢ 
Bulletin Nf-141. 

Pictorial bulletin describes ful 
naces for heat treating, normalizing 
annealing, forging. Vulean Cory] 
Bulletin Ag-448. 

Altractive 16-page illusirated cal 
log describes furnaces for heat tre 
ing ferrous and non-ferrous met 
Despatch Oven Co. Bulletin Ag-! 


War production with standa 
rated heat treating furnaces is ] 
tured in new bulletin by Surt 
Combustion. Bulletin Ag-o1. 

New manual shows many 
technical advances features ex 
sive, easy-selection charts on ¢ 
burning equipment. National \ 
chine Works. Bulletin Ag-310 
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Listed on 











pook: 


at several before you buy 
but be sure you get these 
features. 

Check List: 


Easily operated insulated top cover 

Double flange pot 

Double flange supporting ring 

Double flange top ring 

Extra pot thickness at liquid level 

Element—one continuous helix extra 
heavy rod 


Positive element support in recessed 
refractory wall 


Lining 123% inches 
Two point heat control 
Time clock starting. 





Model P71 — 16” dia., 18" deep 
PATENTED SEALS 











For use with 
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The Answer to a Foreman's Prayer 


This is a valve part...used in aircraft instruments. The 
tareman in harve of ite nrod tian } 14 fairly han leye 
roreman in Charge Of 1tS production Nad a fairly happy iot 

+ | 7 5 | | of - ] 
until nickel hit the “critica st 


This particular piece was made of alloy steel, rich in nickel 
Came a recent day, however, when the specified steel became 
as scarce as coffee. It looked like production quotas were due 
to start skidding. 


‘i 


Putting the problem up to Frasse, the foreman substituted, 
I 


as per recommendation, a more plentiful low-nickel emer- 
gency steel—-NE 8620. The only wrinkles—slight changes 
in machining and tempering — were quickly ironed out, 
leaving hardly a ripple in the production schedule. Trouble 
hasn’t reared its head since 

Frasse technical representatives have been gathering such 
operating data on the new emergency steels for months. If 
you are still in the contemplating stage, or have struck a 
“bug” in changing over, Frasse engineers will be glad to 
pitch in Their advice is gratis. Just write or call: Peter A. Frasse 
and Co., Inc., Grand Street at Sixth Avenue. New York, N. Y. 
(Walker 5-2200) » 3911 Wissahickon Avenue, Philadelphia, Pa. 
(Radcliff 7100-Park 5541) ¢ 50 Exchange Street. Buffalo, N. Y 


\ Hi ‘ashingt n 2000) Je rsey City, Hartfi rd. R che ster. Syracuse 








Mechanical 
and Aircraft 


STEELS 


SEAMLESS MECHANICAL AND AIRCRAFT TUBING + DRILL ROD 
COLD FINISHED BARS + WELDED STEEL TUBING 
STAINLESS STEELS AND TUBING + AIRCRAFT STEELS 
COLD ROLLED STRIP AND SHEETS «+ ALLOY STEELS 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATI 





REFRACTORIES & 
INSULATION 


Insulating firebrick. Babcock & 
Wilcox Co. Bulletin Ce-75. 

Heavy Duty Refractories. Norton 
Co. Bulletin le-88. 

Super Refractories catalog. Carbo 
rundum Co. Bulletin Ld-57. 

P. B. Sillimanite refractories. Chas. 
raylor Sons Co. Bulletin Ef-218. 

Conductivity and heat transfer 
charts. Johns-Manville. Bulletin Df 
100, 

Savings in construction time, labor 
and money with use of the all Ramix 
bottom for basic open hearth fur 
naces are shown in new leaflet by 
Basic Refractories, Inc. Bulletin Nf- 
192. 

Brickseal refractory coating and 
discussion of why furnace walls 
break down are presented by Brick 
seal Refractory Co. Bulletin Ag-469. 


FINISHING, PLATING, 
CLEANING 


Technical and engineering data on 
rygon and typical uses, such as tank 
linings, are presented by United 
States Stoneware Co. in new Bulle- 
tin Lf-356. 

Detrex metal cleaning machines, 
metal cleaning chemicals and proc 
essing equipment are _ attractively 
described in new 24-page catalog by 
Detroit Rex Products Co. Bulletin 
Lf-111. 

Cleaning Manual. Oakite Products, 
Inc. Bulletin Hf-296. 

Airless Rotoblast. Pangborn Corp. 
Bulletin Hf-68. 

A protective, deep black finish to 
steel. Heatbath Corp. Bulletin Hf 
189. 

Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin Ne-329. 

112-page manual “Chemicals by 
Glyco”. Glyco Products Co., Ine. 
Bulletin Ff-397. 

Pickling. Wm. M. Parkin Co. Bul 
letin Ff-193. 

Modern Pickling. The Enthone Co. 
Bulletin Ff-240. 

Cadmium Plating. E. I. duPont 
deNemours & Co., Ine. Bulletin Hd- 
29. 

Motor-Generators for electroplat- 
ing and other electrolytic processes. 
Columbia Electric Mfg. Co. Bulletin 
Bf-352. 

“Indium and Indium Plating’. In- 
dium Corp. of America. Bulletin 
Df-376. 
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Speed Case instru- 
ment dial mold. 















Speed Treat cart- —_~ 


ridge case “cup- 
ping” die. 


Cloverleaf die of 
Speed Case. 












urdened “Wheel- 
abrator”’ wheel side 
plates of Speed 


( ase. 


A generator coup- 
ling disc fora diesel 
locomotive of 
Speed Treat Steel 









Armament parts dies of 
Speed Case. Note smooth 
finish results of free ma- 
chinabiliry. 


Speed Treat and 
Speed Case sprocket 
wheels. 



















; F A meat grinder 

Speed Treat plas- dise of Speed 

tic instrument Case. 
mold. 


EED) TREAT STEEL 


.40 to .50 Carbon Hot Rolled Plate 


Plastic compression 
mold of Speed Treat. 


These two steels — Speed Treat ; ' - : you have been accustomed to using. 
and Speed Case—are saving Speed Treat dies, die shoes, jigs, fix- 
‘ime now when it counts the tures, gears, sprockets and fabricated 
most. Check these advantages: machine tool parts show greatly upped W. J. HOLLIDAY & CO. 


: Established 1856 
' production and a better-than-average 
\ Cut machining time up to Hammond. Ind. Chicago, Mi. 


deb Se Greatly inerease tool service life. Indianapolis. Ind. 
life. Speed Case is an open hearth low car- 


Bulletin 942 gives further details. 


\ Quickly respond to heat bon steel. It provides the fastest machin- 


. . Distributed by 
treating —with minimum ing steel plate available. Due to its 


BEALS, MeCARTHY & ROGERS 


warpage. cleanliness, it is especially adapted to mattate. N.Y. 
Available in standard gage — the manufacture of mechanical rubber HORACE T. POTTS CO. 
hot rolled plates—flame eut = and plastic molds. Philadelphia, Pa. 

(o close tolerance—minimum Both steels are available in standard BROWN-WALES COMPANY 


Boston, Mass. 


THE BURGER IRON COMPANY 
Akron, Ohio 


: . PECKOVER’S, LTD. 
rbon steel. Case studies covering whether these steels can replace those Toronte 2, Canada @ 


DEFT TAGE STFEFL 


Vas —_— 
ste—no short ends. gage hot rolled plates and hot rolled 


| Treat is neither an alloy nor a and cold finished bars. Our engineers 


teel—it is an open hearth .40 to are prepared to tell you promptly 














WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Casting cleaning methods in foun- Electrochemical Descaling. 
dries. N. Ransohoff, Inc. Bulletin Ef- lard-Dunn 
381. Bulletin Ge-143. 


Jetal process and its characteris- 
tics as a protective coating. Alrose 


letin Nb-212. 426. 


Process Div., 


Comprehensive 
scribes the rust inhibiting wax coat- 
Chemical Co. Bulletin Gf-256. ings for protection of metal against 

rust and corrosion developed by S. 

Rust Preventative. Alox Corp. Bul- C. Johnson & Son, Inc. Bulletin Kf- 





FURNACES 





Pusher 





BURNERS — BLOWERS — CONTROLLERS 
JOHNSTON 


MANUFACTURING COMPANY 


MINNEAPOLIS, MINNESOTA 
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Rotating 





Continuous 











Tumbling and cleaning. Glo). 
Stamping and Machine Co. Bulletin 


Kf-456. 
Anodizing and plating equipment, H 
Lasalco, Inc. Bulletin Kf-457. { 
Degreasers. Phillips Manufacturing ‘ 
Co. Bulletin Ne-254. 9 


MELTING e CASTING e MILL 
OPERATIONS 


Care of crucibles for brass, copper: 
aluminum and magnesium industries, 
Electro Refractories and Alloys Corp 
Bulletin Ff-396. 

Rotary positive blower installations 
in several fields, including smelting, 
steel mill and foundry. Roots-Cx 
nersville Blower Corp. Bulletin Hi 


13%. 

“Electromet Products and Service ( 
Electro Metallurgical Co. Bulletin BI 
16. 

Lectromelt Furnaces. Pittsburgh \ 
Lectromelt Furnace Corp. Bulletin 
Db-18. s 

Ingot Production. Gathmann Eng 
neering Co. Bulletin Ka-13. I 

Operating Features, capacities 
charging methods of the Heroult ( 


electric furnace. American Bridgt 

Co. Bulletin Bf-124. 7 
How Research Has Produced ad n 

velopments that make the side-blow 


converter process desirable as a 
source of high temperature metal I 
Whiting Corp. Bulletin Bf-357. 

Fisher Furnace Co.’s stationary and \ 


tilting type crucible melting furnaces 
for ferrous and non-ferrous metals 
Bulletin Af-195. I 


Manganese-Titanium Steels. 
Titanium Alloy Mfg. Co.  Bulleti: 
Ga-90, S 
Electric Furnaces. Detroit Electric ’ 


Furnace Div., Kuhlman Electric C 
Bulletin Hd-271. 
Chrom-X for steel mill and found b 
ry. Chromium Mining & Smelting 
Co. Bulletin Kf-451. 
Interesting, illustrated bulletin di 


scribes foundry practice for manga . 
nese-bronze. Niagara Falls Smelting 2 
& Refining Corp. Bulletin Ag-467. 
I 

ENGINEERING e APPLICA: 
TIONS e PARTS S| 


Electrical, corrosion and heat re- 
sisting alloys in rod, wire, ribbon 
and strip forms. Wilbur B. Driver 
Co. Bulletin Kf-430. wh 

Carburizing Boxes. Pressed Steel 
Co. Bulletin Ce-269. 


Duraspun Centrifugal Castings. d 
Duraloy Co. Bulletin Bf-233. h 
X-Ray Inspected Castings. Elect! B 


Alloys Co. Builetin Ld-32. 
Meehanite Castings. Meehanite R 
search Institute. Bulletin Bf-165. 
Ledaloyl, self-lubricating bearings 
Johnson Bronze Co. Bulletin Af-2: 
Metal Baskets. W. S. Tyler ¢ 
Bulletin Bf-359. 
Steel Castings. Chicago Steel Fou : 
dry Co. Bulletin He-184. 
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leat Resisting i/loys. General Al- 
s Co. Bulletin D-17. __ 

Pipes and Tubes. Michigan Steel 
ting Co. Bulletin Bb-84. 

Vetal Powders. Metals Disintegrat- 
Co. Bulletin Ec-208a. 

Rimetals and Electrical Contacts. 
H. A. Wilson Company. Bulletin 
‘70 

Handy wire data chart. Callite 
gsten Corp. Bulletin Ef-327. 

Corrosion and heat resistant alloy. 

ebanon Steel Foundry. Bulletin Ef- 

es 


Lead-base metals. Magnolia Metal 

Bulletin Kf-422. 
Comprehensive, pictorial descrip- 
tion of wide range of applications 
where Velvetouch Bimetallic friction 

iterial may be installed is de- 
scribed in new plastic-bound booklet 
by the S. K. Wellman Co. Bulletin 
Kf-423. 

Cr-Ni-Mo Steels. A. Finkl & Sons 
Co. Bulletin La-23. 

Duriron, A new bulletin on steam 
ets, ejectors, tank outlets and spray 
ozzles. Duriron Co. Bulletin Ge-152. 

Heat and corrosion-resisting cast- 
ings. Standard Alloys Co., Inc. Bul- 
letin Ke-151. 

Centrifugal Iron. Shenango-Penn 
Mold Co. Bulletin Ka-174. 

Industrial baskets, crates, trays and 
fixtures are described by Rolock, 
Inc., in new Bulletin Lf-299. 

Standard and special shapes of 
seamless steel tubing are described 
ind pictured in new leaflet by Sum- 
erill Tubing Co. Bulletin Lf-108. 

ew 12-page booklet describes 
background, manufacture and _ typi- 

il applications of Tungsten. Cleve- 
d Tungsten, Inc. Bulletin Lf-460. 

Handling baskets for heat treating, 

ishing, dipping, degreasing, etc., 
re shown in new leaflets issued by 
Union Steel Products Co. Bulletin 
Lf-459. 


Instrument Specialties Co. has is- 
ed “Better Brush Springs”, refer- 
ence leaflet showing how “Micro- 
cessed” beryllium copper brush 
prings have answered demands and 
cludes data and formulae for 
ing design. Bulletin Nf-468. 
Conversion from several types of 
ree metals to malleable iron is 
scribed and illustrated in new 
booklet by Lake City Malleable Co. 
Bulletin Nf-469. 
( per standard alloys, its services 
facilities are described in new 


llet Cooper Alloy Foundry Co. 
etin Ag-144 
nless pressed steel heat treat- 
ntainers. Eclipse Fuel Engi 
y Co. Bulletin Ag-226. 





Use Handy Coupon on Page 130 

tor Ordering Helpful Literature. 

Other Manufacturers’ Literature 

1 on Pages 132, 134, 136, 138, 142, 
and 144 








i et. te -— a 





WYCKOFF’S victory spirit won the coveted Army- 
Navy “E” and WYCKOFF’S firsf star for continuous 
outstanding production for the six months period after 
the first award! This latest recognition has added new 
impetus to Our constant endeavor to produce more and 


more steel_—better and faster! 


These Distinguished War Production Flags 
Have Been Awarded the Wyckoff Plants! 
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Any | y rg ] il lo all y ir copy 
ng Draftsmen, Clerks, Typists AND 
THEIR EQUIPMENT for other work Tungsten Powder ..... 97-98 % 
APECO PHOTO COPIES Pure Manganese .....-. 97-99 % 
Ferro-Chromium ....... 60 % 
re identical copie lear. sharp. dur 
Ue — : ‘ N iia bietae Pure Chromium ........ 98-99 % 
Exact Photographic Copies of able — legally accepted. No prootread- 
Siopetats, Leds, Specifications ma! Ke errors! With APSCO you con nen +0 9.4 9 0°8 ae" 
Orders, Tracings “Anything ee | make Photo-tracings direct from draw Ferro-Titanium ...... 
: ings, blueprints or old tracings. 
ZC -™ Ferro-Vanadium...... 
Easily and Quickly! APeCO makes copies any size up to (1% Silicon) 
18x22 Ist copy in 3 minutes, 120 copies Send for Pamphlet No. 2021 
s F.0.8 an hour—right in your own place—any 
CHICAGO time, day or night. No skill or darkroom ° 
needed! Foolproof! Nothing to get out 





IMMEDIATE DELIVERY of order 
on machines and supplies. Learn 


how others in your field have AMERICAN PHOTOCOPY EQUIPMENT CO. 
SAVED MAN-HOURS while 9949 ny. Clark St., Dept. CK-1, Chicago, Ill. 


speeding production. Write for 
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Write 


for 
Bulletin 
N-10 Has taught us that 


Eclipse Seamless 


Pressed Steel Heat Treating Containers are 





the Ideal Heat Treating Containers. 


Columbia generators embody every feature essential 
to dependable, 24-hour operation. They are built for 
electroplating service in sizes of 6 to 20 volts, 500 to 
20,000 amperes, for anodic treatment of aluminum in 
sizes of 40, 50 and 60 volts, 500 to 3,000 amperes. 
Columbia generators for other electrolytic processes 
range from 1% to 250 KW, 100 to 40,000 amperes, 6 
to 60 volts. 

Prompt shipment can be made on any type and size. 
What are your requirements? 


COLUMBIA ELECTRIC MFG. CO. 


Seligss Fest Gaginessing Company Eines 4519 Hamilton Ave. Cleveland, Ohio 
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CRITICAL POINTS 


BY THE EDITOR 











ETURNING east from Colorado, stopped off at 
I Moline-Rock Island-Davenport, interrupted 
busy men like Hy Bornstein, Gorpon WILLIAMS, 
Joun GrawaM and Paut Cunnick, and discussed 
absorbing topics like the hardening of armor pierc- 
ing shot and shell, and the casting, heat treatment 
and welding of armor plate, for the Army’s 
medium tank was developed at Rock Island 
Arsenal, and Tri-Cities (in peacetime the center 
for agricultural implements) is now engaged in 
making better tanks and still better tank busters. 
Regretful that any revealing news about these 
matters will not pass the censor, 
but proud that ASMembers who 
excel in the arts of peace are able 
to turn to their fundamental metal- 
lurgical knowledge and devise methods whereby 
superior war materials are made in mass produc- 
tion by methods quite bizarre as compared with 
the ordnance practices of the last war....One 
publishable item from BorNnsTeIN and WILLIAMS 
of Deere & Co. is interesting. It concerns the 
specification requirement that a certain item be 
withdrawn from the quench and put into the 
tempering furnace before its average temperature 
drops below 300° F.. How measure this heat, when 
the surface is considerably cooler and the center 
considerably hotter than the average? Use a 
calorimeter. (The books say that the scientific 
armorer of the Spanish war era estimated tem- 
peratures by taking a copper ball from the furnace, 
quenching it in a bucket of water and measuring 
the temperature rise.)....PauL CUNNICK, now 
Major of Ordnance, took quiet satisfaction in 
exhibiting the model forging and heat treating 
building at Rock Island Arsenal which contains 
the widest range of equipment, both in size and 
function, that this observer has ever found under 
one roof, but everything ship-shape — especially 
the furnaces which were spick and span and 
New annealing, 


Plowshares 


to Swords 


ipparently in perfect condition. 
hardening, tempering and nitriding furnaces are 
being installed in this whole manufacturing region 
1 great number, as would be anticipated from the 
hange in product; implements depend largely on 
‘st iron, ordnance on alloy steel... .Controlled 
‘mospheres are also commonplace in regions 


where fast annealing cycles for malleable cast iron 
are the rule rather than the exception. Unusually 
clean surfaces on hardened steel are had by “dry 
eyaniding” (introducing a little ammonia into the 
gas carburizing furnace); surfaces are file hard on 
slow cooling, and so warpage during the quench is 
avoided. Carriers and trays that do go through an 
oil quench with the work are likely to drag out 
enough oil on their surface to upset the atmosphere 
on their next trip. Consequently the carriers go 
under a hood where the oil is burned off by gas 
JOHN GRAHAM of International Harves- 
ter’s Farmall Works demonstrated 
how recent substitutions not only 
saved a lot of nickel, but the neces- 
sary revision in heat treating sched- 
ule turned out to be considerably 
cheaper: The part 
shaft, about 1‘ in. diameter by 10 in. long, on the 
end of which is a 3-in. bevel gear. Gear teeth must 
be scleroscope 75 to 85 hard; shaft 45 to 55. The 
old practice used S.A.E. 3115 (0.50 Mn, 1.25 Ni, 
0.65 Cr), carburized, hardened, drawn completely 
to scleroscope 45 to 55, and the gear end hardened 
in lead from 1525° F. The first substitution was 
to S.A.E. 4120 (0.80 Mn, 0.70 Cr, 0.25 Mo), but to 
good core structure this must be hardened trom 


flames... 


Saves. Both 
on Alloys 
and Heat 


Treatment ; 
is a splined 


ge 
a 125° higher heat —- too hot to operate a lead bath 
successfully. It therefore was gas carburized, 


quenched direct from 1650° F., stress relieved to 
give the gear the correct properties, and only the 
(time 3 min.). 
This 


shaft end drawn in lead at 1300° F. 
The gear is cooled in water, the shaft in air. 
new schedule is followed with the NE steels that 
have even more recently been substituted for the 
substitute. 


MAZED to hear Ben Hopkins, head of Cleveland 
£% Graphite Bronze, say that the silver used every 
day in electroplated surfaces for heavy duty bear- 
ings in a new factory now getting into production 
would be measured in tons, and while a ton of 
metal is not very much in a bridge girder, it is a 
Whale of a lot in an electroplate, even a thick one. 
Mused also on the fact that good bearings can be 
made of so many different things and lubricated 


with so many materials, but thought that, after all, 
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such was a necessary condition for the prehistoric 
invention of the wheel. That early step upward 
from barbarism could have been taken only 
because almost anything would do for a sort of a 
bearing. Doubtless almost everything was used, 
and the early artificers soon found 
that what we know as bronze - 
the first alloy used for tools and 
was best of all, a 

“fact” still found in many 20th 
century textbooks and handbooks which has caused 
no end of trouble between metallurgists and mere 
engineers and designers. The bearing alloy 
invented by Mr. Bassirr was comparatively recent, 
and when metal came to be examined under a 
microscope it was necessary to explain why its 
complex structure of tiny hard crystals in a softer 
“cement” should make such a good bearing. The 
dictum that such must be the structure of a good 
bearing material seems shattered by the recent 
bearings using various kinds of electroplates, 
the intriguing possibilities of aluminum bearings, 
and the statement of Cart Swarrz, metallurgist of 
Cleveland Graphite Bronze, that lead is the bearing 
metal par excellence....One would be hard put 
even to define the word “bearing” so as to denote 
its engineering meaning, but this is perhaps only 
another example of the truism that we know the 
least’ (scientifically and accurately) about the 
things we have used the longest. 


Thoughts on 
Bearings —- 
New & Old 


weapons 


ID you know that gray iron cupolas, on the 

average, consume at least 20° more coke than 
necessary? At least this is the opinion of Inter- 
national Nickel’s Donatp Reese, now on loan to 
War Production Board, who spoke as a govern- 
ment official concerned with the conservation of 
fuel, and 20° of 2,000,000 tons of foundry coke is 
quite a pile. Likewise, foundries tend to waste 
steel serap, generally using 50° more than neces- 
sary to attain the desired chemistry in their cast- 
ings. Speaking as a metallurgist, he outlined four 
steps to take in order to save fuel without damag- 
ing the iron: First, exercise metallurgical control 
of carbon as well as silicon in the iron; if carbon 
is controlled, silicon control usually takes care of 
itself. Second, size the coke so that its largest 
dimension is 1/12 the cupola diameter. Third, 
weigh the coke charges - per- 
haps a revolutionary step, for 
many foundries do not even 
weigh the iron! (Measured 
weight is much more accurate 
than guessed-at volume, or so many forkfuls; 
even rain-soaked coke is less than 5% heavier 
than dry.) Fourth, use small charges. A coke 
layer 4 in. thick is a good figure to shoot at. This 
means about 742 Ib. of coke per sq.ft. of cupola 
area, or a 100-Ib. coke charge for a 48-in. cupola. 


Better Cupola 
Practice Saves 


Coke & Scrap 
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Compare this with the customary 200 to 250 Ib.’ 
As a matter of fact, Reese has records of operating 
cupolas carrying coke-charges that range from as 
little as 5 to as much as 30 Ib. per sq.ft. of area, 
but the foundries with the best fuel economy are 
those which use the weight of coke charge as a 
reliable yardstick for melting performance. 


OMMENTING on the fact that the metallurgist 
is a rarity who has properly sold himself to 
the management and who can’t be talked down by 
the production engineer or the purchasing agent, 
Ernest HERGENROETHER is fond of telling a story 
of Mack, a Detroiter who achieved the goal: His 
big boss came to him one day and said, “Mack, 
you know I grow hogs out on my farm, but the 
hams get a green mold and I can’t 
keep it off’ Mack was a farm 
boy and he knew instantly what 
was the trouble, but he was also 
a wise bird, so he said, “ll check 
into it; it’s probably a serious problem. Bring me 
in one of the hams and we'll do some laboratory 
work and see what is the matter.” So the boss 
brought in a ham (which shortly reappeared on 
Mack’s dining-room table) but Mack didn’t go 
near the boss. So in about a week the boss called 
him up and said, “What are you doing about the 
hams?” and Mack said, “I’ve given it some per- 
sonal attention and I think I have about got the 
answer.” So a week later he went into the front 
office and told him what to do, and the boss did it, 
and the green mold disappeared. So the big boss, 
to the day he died, swore that Mack was the best 
- metallurgist in the country, all on 
account of fixing those hams, which any farm boy 
from the corn belt could have done. 


How to Be 
a Prominent 
Metallurgist 


ETALLURGICAL note from “See Here, Private 

Hargrove”: “A new rank among the non- 
commissioned officers, announced the grapevine 
comic page, is the rank of metal sergeant. The 
rank is conferred only by the men in the ranks, 
and a metal sergeant is distinguished by ‘the silver 
in his hair, the gold in his teeth, and the lead in 
his pants’.” If this appeals to you as being funny, 
by all means rush out and buy a copy of this 
best-seller. ...P.S. The above book review is some- 
thing less than fair, for the very next chapter is 
adult, climactic, and humorous. 


EGRET to have to announce that this is the 

last issue of Merat ProGress to appear in 
de luxe page size. Governmental orders have 
restricted the use of print paper and engraver’s 
metal, and for the duration this magazine will 
reduce the number of illustrations and adopt a 
page size leaving practically no margins (uniform 
with the other technical journals). S$ 
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vis is the first third of a notable The author 
per read before the Detroit 
hapter, @, November 1942 meet- 
ng, on the general subject of 
‘Fatigue of Metals as Influenced 
hy Design and Internal Stresses”. 


Mechanical Engineering Dept. 1 
of G.M.’s Research Laboratories, 
and has had long experience in 
diagnosing service failures, and 
devising proper 











quent installments will describe 
some experiences with bolts, studs 
and gears, and finally the gen- 
eral problem of endurance under 
loads higher than the “true” 
fatigue limit will be expounded 


head of the 


cures. Subse- 


PEENED SURFACES IMPROVE 
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Research Laboratories 
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 eiaaneed 90° of all fatigue failures occurring in 

service or during laboratory and road tests are 
traceable to design and production defects, and only 
the remaining 10° are primarily the responsibility 
of the metaliurgist as defects in material, material 
specification or heat treatment. While this ratio is 
not a measure of the quality of workmanship con- 
tributed by each department, there can be no doubt 
that the metallurgist has a better appreciation of 
his responsibility for fatigue failures than has the 
designer, the engineer, or the man in the production 
department —-in fact, it contributes to the relative 
irresponsibility of the engineer by over-willingness 
of the metallurgist to accept the blame when things 
go wrong. 

Being metallurgists you are familiar with the 
routine followed when a broken part is received. 
The fracture is examined and is found to be due 
to fatigue, the material is analyzed for composi- 
lion, sections are studied for all of the many 
things that are metallurgically important, and a 
report is written describing the things that are 
and are not up to par. But no matter how many 
possible metallurgical causes of trouble are found, 
such examination is far from sufficient unless the 
failure is also examined for design faults and bad 
fabrication and assembly practice. Most of the 
tiled parts should not be sent to the metallurgist 
all but, unfortunately, very few engineers or 
‘roduction men are adequately trained in diagnos- 
4 fatigue trouble, and failures are therefore sel- 
‘om examined for contributing mechanical causes, 


‘ 


Like the cowbird who lays her eggs in the nests 
of other birds, most of our engineers pass all 
fatigue problems on to the metallurgical depart- 
ment with the implication that something must be 
wrong with the material or with the heat treat- 
ment. The metallurgist does his metallurgical best 
and in the process frequently destroys the evidence 
of mechanical faults! 

The study of fatigue of materials is properly 
the joint duty of the metallurgical, engineering 
and production departments. Unless all have an 
understanding of fatigue phenomena and the fac- 
tors that promote fatigue, they cannot recognize 
their individual responsibilities. There is no defi- 
nite line of demarcation between mechanical and 
metallurgical factors that contribute to fatigue and 
there must, therefore, be very close cooperation 
between the metallurgist and the engineering 
fatigue specialist, if such there is, or the metal- 
lurgist must possess the combined qualifications 
of metallurgist, designer and machinist. This 
overlapping of responsibility is not sufficiently 
understood in industry and hence the engineers 
are constantly demanding new metallurgical 
miracles instead of correcting their own faults. 
Until metallurgists insist on a competent exami- 
nation for mechanical causes of fatigue failures, 
we cannot hope to make full use of our engineer- 
ing materials. 

Service Conditions Are Not Reproducible 
The development of engineering materials, designs, 
and processes requires that we conduct laboratory 
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tests by which these factors may be evaluated, but 
to devise a reliable laboratory test is far from sim- 
ple. The common belief that we can reproduce the 
conditions of service in a laboratory test is wholly 
erroneous. By the time the laboratory investigator 
has provided for all of the conditions that occur 
in service, he will, in the case of automobile parts, 
find himself on the road with a complete automo- 
bile, and even then he will not represent the type 
of driver who most 


machine parts, correlated with service records, 
have shown that there is no detectable difference 
between the high priced alloy steels and many of 
the low priced alloy steels when used in many 
machine elements. (This was demonstrated by 
A. L. Boegehold and the writer in a 1935 A.S.T.M. 
paper on rear axle gears.) Machine parts are so 
far removed from the ideal laboratory fatigue 
specimens that the latter are misleading as meas- 
ures of worth. This is 
indicated by the relative 





severely taxes the strength 








of the machine. 

Compromise Treat- 
ments - Many materials 
and processes have been 
graded and are still being 
graded by laboratory 
tests which are now 
known to have been very 
costly to the automobile 
industry (and to other 
industries as well). For 
example, the fiction that a carburized part should 
have a hard case to resist wear, and a tough core 
to resist breakage, arose from laboratory impact 
tests. In these tests the strength of the part was 
judged by the number or intensity of hammer 
blows it would withstand before fracture. Since 
gear teeth resisted impact fracture in accordance 
with the physical properties of the core, it seemed 
logical to specify heat treatments to bring out the 
best compromise between the imagined require- 
ments of the case and the core. Being com- 
promises, these heat treatments were not the best 
for either region. 

If, instead of counting the number of impacts 
or measuring the intensity of hammer blows 
to produce fracture, the gear tooth had been exam- 
ined after the first impact, the tooth would have 
been found bent and, therefore, ruined, and it 
would make no difference how many more blows 
were required to fracture the tooth. 

This compromise heat treatment resulted in 
reducing the quality of many millions of gears 
before it was realized that gear teeth fail by fatigue 
and that fatigue failure, for the usual depth of 
carburization, always originates at the surface of 
the case. From this evidence it became clear that 
the heat treatment should consider the require- 
ments of the carburized case only, and that the 
properties of the core were relatively unimportant, 
because, in bending and in torsion, the core serves 
mainly as a stuffing for the case. 

Alloy Steels — Similarly, gear steels and steels 
for many other parts have long been selected by 
false standards that are based only upon arbitrary 
laboratory tests, among which are fatigue tests of 
ideal specimens. For many years industry has 
paid premium prices for alloy steels because of 
fancied advantages. Fatigue tests on actual 








Fig. 1—-Transfer Print of Magnaflux Markings 
on Side of a Gear Tooth That Failed by Spalling, 
Undoubtedly Originating in Grinding Cracks 


slopes of the fatigue curves 
(as will be demonstrated 
later in this article) since 
the slopes of fatigue curves 
for machine parts under 
high loadings are always 
steeper than the slopes of 
fatigue curves for the pre- 
ferred laboratory speci- 
mens by which materials 
are usually selected. In all 
probability there are real differences in the fatigue 
characteristics of the various alloys, but these dif- 
ferences are often so small in comparison with the 
mechanical fatigue hazards introduced by the 
design and fabrication of the machine part as to 
be negligible. 


MecuHANICAL CAUSES OF FATIGUE 


It is possible to discuss only a few of the many 
mechanical causes of fatigue in the available space. 
The subjects selected are those which have not 
been given the attention they deserve in recent 
publications, or that may be somewhat differently 
interpreted. For a thorough and comprehensive 
review of fatigue literature, the recent book on 
“Prevention of the Failure of Metals Under 
Repeated Stress” by the staff of Battelle Memorial 
Institute is highly to be recommended. 

Surface Finishes — Efforts to improve prod- 
ucts by improving surface finish may sometimes 
have the opposite effect. Highly finished surfaces 
and fillets may lead to a false sense of security if, 
as the result of machining or straightening opera- 
tions, the parts have high internal stresses of the 
wrong kind. In ground surfaces, such as shafts, 
wrist pins and gear teeth, the grinding operations 
may introduce high surface tension stresses and 
thus promote fatigue failures. More harm than 
good often results from the grinding of machine 
parts. The surface tension stresses from grinding 
are often so great as to produce visible or mag- 
naflux surface cracks — but, whether detectable or 
not, surface tension due to finishing operations is 
frequently very serious. 

For example, Fig. 1 is a magnaflux transfer 
print on transparent cellulose tape showing sur- 
face fractures in a ground gear tooth. This tooth 
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ntually failed by spalling which originated in 
se surface fractures. Since fatigue cracks start 
the side of the gear tooth that is loaded in ten- 
n, the effective stress is the grinding pre-stress 
is the working stress. 

Frequently we find that a hardened part will 

how a file-soft skin after grinding, a surface which 
it only promotes fatigue but is also susceptible 
) seizure and galling. 

Internal Stresses of the wrong kind are per- 
aps the most insidious of all fatigue hazards 
because we can seldom know their magnitude, or 
the pattern in which they are distributed within 
the material, or even whether they are alike for 
all commercially identical machine parts. Internal 
stresses may be the result of operating conditions 
such as occur in brake drums, clutch plates or 
other friction surfaces where the instantaneous 
temperature in a thin layer is so great that the 
surface layer is stressed by thermal expansion 
beyond its yield point in compression. When the 
source of heat is removed from such a part the 
heated surface layer is quenched by the adjacent 
cool metal and, under thermal contraction, it is 
so severely stressed in tension that fractures occur. 
This is, of course, the same thing that happens in 

grinding unless great care is used. 

An estimate of the magnitude of the surface 
tension stresses set up by normal grinding prac- 
tice was made in the following way: 

A specimen of annealed spring stock 0.062 
in. thick, 1 in. wide and 7 in. long was ground to 
a depth of cut of 0.002 in. After grinding the 
straight specimen was found to be curved con- 
cave on the ground side, indicating tension stress 
therein. Very thin layers were then removed from 
the ground surface by hand honing until the speci- 
men regained its initial straightness. Measure- 
ments of the change in curvature with each thin 


layer removed permitted the stress distribution to 
be calculated, as follows: 
TENSION STRESS 
270,000 psi. 
110,000 
57.500 
37,500 


27,500 


DISTANCE From SURFACE 
0.00005 in. 
0.00013 
0.00025 
0.00035 
0.00045 

Obviously a stress of 270,000 psi., a stress just 
below the fracture point of full hard steel, could 
not be supported by the steel in the annealed state, 
from which it follows that the stressed layer was 
hardened by the heat of grinding to not less than 
Rockwell C-55. The extreme thinness of the hard- 
ened layer presents an interesting problem in 
hardness measurement, the unground and ground 
surfaces testing as follows: 

UNGROUND GROUND 

Rockwell B scale 88 89 

Rockwell C scale 5 5 

Vickers Brinell 193 199 

These figures demonstrate the futility of our 
normal hardness measuring technique for meas- 
uring the hardness of the most significant portion 
of our machine parts, namely, the surface layer. 

Residual Stresses From Processing Internal 
stresses often result from the cooling of castings 
and forgings, or from the vigorous heat transfer 
of heat treating. Many parts, such as crankshafts, 
axle shafts, and camshafts require straightening, 
and since this is usually done at room temperature 
and the part rarely stress relieved after straight- 
ening, the result is severe internal stresses. In 
turning, milling and other machining operations, 
it is necessary that metal be removed at a mini- 
mum cost and therefore the cutting tools often 
take deep cuts at high feed rates. Since metal 
cutting is more accurately described as a metal 
tearing operation so far as stresses are concerned, 

we need not be surprised 
——— to find serious internal 























2 Views Showing Deep Seated Disturbance by Rough Machining. Left: Bar 
after rough machining on shaper. Center: Same after carburizing, grinding 
all in a direction perpendicular to machining. Right 

‘-blasted surface shows traces of both the machining and the grinding marks 


oth and lapping 











stresses to considerable 
depths after machining. 
When metal cutting has 
been unusually severe or 
after operations such as 
punching and shearing, 
we often find that the 
surfaces are actually 
fractured. Finish machin- 
ing or grinding rarely 
goes deep enough to 
remove the internally 
stressed metal from pre- 
vious rough machining 
and these operations add 
stresses of their own. 
Whenever it is eco- 


nomically practicable, 
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internal stresses that produce tension in any sur- implies that fatigue specimens approaching per 





face layer subjected to cyclic tension stress should fection in finish give the highest possible fatigu: 
be reduced or removed —- or, better still, converted endurance for any particular material, and tha 
to compressive stress by suitable treatment, for they accurately measure the ultimate fatigu: 
all fatigue failures are due to tension stresses. properties of that material. 

The layer of metal “injured” by machining is It can be shown, however, that the so-called 
undoubtedly deeper than is generally believed, nor “par” bars are not the best specimens, but that 
does ‘it “recover” after heating for long periods at influences akin to notches, so far as fatigue vul 
high temperatures. For example, the left view nerability is concerned, are retained by them. [| 
in Fig. 2 on page 211 shows a bar of 4615 steel seems that the specimen surface is highly vulner- 


after rough machining on a shaper. This piece 











was then carburized for 8 hr. at 1700° F., cooled 
in the box, reheated to 1500° F., quenched in oil F 
and drawn at 300° F. for 1 hr. The machined sur- ea 

face was then ground in a direction at right angles 






























































to the shaper marks to a depth of 0.0055 in. below 
the last visible tool mark. It was then polished | F 
and lapped to a “perfectly smooth” surface as of ee } 
shown in the center. Finally, the polished surface za 
was shot blasted, whereupon the machining marks ff . 
(vertical lines) and the grinder marks (horizontal 0 VA Neutral Axis, 3 | 
lines) reappeared as shown in Fig. 2 at the right. J U i ) 
This shows that the material was not uniform in / : 
resisting the shot blasting, notwithstanding the uiameall : | 
long period at carburizing temperature. IZ Ii B ; i 
There is no evidence at present that the effect Tension—— 
brought out by this experiment is significant in Fig. 4 — Conventional Linear Representation of Stress { ‘ 
fatigue; it is presented here merely to emphasize (C,-T,) in a Beam Modified by Lines C,-C,, T,-T, and j 
that there is much that is not known about our T,-T,, Additive Stresses Due to Surface Condition 
materials and processes. = : : ' 
A 4 
SURFACE VULNERABLE TO FATIGUE able simply because it is a surface — that there is ; R 
an extra hazard in the surface layer not shared ‘ 
The surfaces of repeatedly stressed speci- by the deeper layers. This extra surface hazard : f 
mens, no matter how perfectly they are finished, may be due to sub-microscopic notch effects, or f 
are much more vulnerable to fatigue than the to the fact that the outer crystals are unsupported i I 
deeper layers. It has long been appreciated that on their outer faces. Whatever the reason, the evi- : t 
the vulnerability to fatigue increases as the sur- dence for surface vulnerability is strong. i 2 
face roughness is increased, particularly if the Compression Lessens Surface Vulnerability — : f 
roughness consists of The fatigue strength of the most . f 
sharp notches and more carefully prepared specimen will ; e 
particularly if the notches 100 7 + be increased if a thin surface layer : i 
are oriented at right 80 a {t tf x is pre-stressed in compression by j t 
angles to the principal & 60 (Rolled 7200 Lo.) | a peening operation such as ham- i a 
stress. The practice of e 50 | mering, swaging, shot blasting, 4 s 
carefully finishing fatigue S 40 tumbling, or by pressure opera- is 
test specimens is, of ~ tions by balls or rollers. This ) s 
course, a recognition of 8 a | N | increase in fatigue strength, result- k 
this vulnerability insofar BS 20 aaes Ne ing from the surface layer being k 
as visible marks or o Not Rollea—” "Ty. stressed in compression, is clearly fi 
scratches are concerned. & shown by the S-N curves, Fig. 3, i Oo 
These precautions are ? 10 which compare normally finished ; 


103 gg a fo? railway axles with axles that had u 


Fig. 3 O. J. Horger’s Experiments on 


known to be effective in 


increasing the fatigue been subjected to a rolling opera- 











strength of specimens, — ru) Sized Railroad Azles Show Better 10n. These and other tests show | 
and specimens finished in Endurance When Normally Machined that the surface, stressed in com 
this manner have there- Journals Are Burnished by Cold Rolling. pression, is effective either on | 
fore come to be known as Diagram from A.S.M.E, Transactions, 1936 highly finished specimens or thos | 
“par” bars. This name = with comparatively rough surface 
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Stresses in Unloaded Beam 
That Has Had Its Surface 
by Peening 


Equals T,-C, /, 


Compressed 





Been Loaded Once 


and 


Stresses Are Indicated by Full Line 


Layer Has Considerable Influence 
on the Working Stress Pattern and 
the of the Neutral Axis 


(External Load 
the Resultant 
Location 








We are all familiar with the improvement in 
fatigue that may be obtained by a few cycles of 
overload in such parts as springs. Local stresses 
from the overloads exceed the elastic limit of the 
material and, therefore, the tension stress at the 
working load is decreased. This treatment, which 
has long been practiced on many production items, 
is the equivalent of rolling or peening since, in the 
unloaded state, the member is stressed in compres- 
sion in the areas where tension yield occurred 
during the overloading. 

The most plausible explanation of the efTec- 
tiveness of surface compression stress is that when 
a load is applied to such specimens the tension 
stress in the surface layer is reduced by the 
amount of the compression pre-stress, and since 
fatigue failure starts only from tension stress the 
fatigue durability of the surface layer is increased. 
However, the tension stress in the material below 
the pre-stressed layer is not reduced but may be 
actually increased, notwithstanding which the 
fatigue strength of the specimen is increased. It 
follows, therefore, that the lower layer is inher- 
ently stronger than the surface layer. The German 
investigator Foppl has shown that the fatigue frac- 
ture in cold rolled specimens does not originate 
at the surface but in the material below the pre- 
stressed layer, as would be expected if the surface 
is sufficiently pre-stressed in compression. Similar 
sub-surface fatigue failures, usually called fissures 
and attributed to faulty material, have long been 
known to occur in railroad rails in which the sur- 
face is stressed in compression from the cold work 

! heavily loaded locomotive and car wheels. 
The situation can perhaps be clarified by the 
ise of the conventional textbook stress diagram of 
loaded beam, as illustrated in Fig. 4, in which a 
‘am supported at the ends is loaded in the central 
ane, P-P,. The stress at any point in the beam 
measured by the horizontal distance from the 
ine P, in which the load is applied, to the diag- 


il line T7,-C,. The distance P-C, represents the 


compressive stress at the upper surface, the stress 
at the neutral axis O-O is zero, and the tension at 
the lower surface is represented by T,-P,. 

While this is a satisfactory enough stress dia- 
gram for static loads, it does not agree with the 
behavior of fatigue specimens, If we modify the 
diagram at the ends of the stress line so that 
T,-T. 
stress, we have a reasonable representation of the 
For a sharply 


represents an added increment of tension 


“surface fatigue vulnerability”. 
notched the additional 
T,-T, is relatively great (something like 
where P,-T, 


As the surface roughness is decreased 


increment 
7,-T ’ 
represents the yield point of the 


surtace stress 


material). 
the increment 7,-T. 
well polished the specimen may be there still 


decreases, but no matter how 


remains a considerable additional surface stress. 


Stress Patterns — Figure 5 represents the 
residual stress pattern in an unloaded beam that 
has been rolled or peened, as has been described, 
in which C,-P and C’-P’ represent the magnitude 
of compressive pre-stresses and 7 ;-A_ represents 
the magnitude of the tension pre-stress to balance 
the compressed stresses in the surfaces. After this 
beam has been loaded from either side through 
one stress cycle (as in a reversed fatigue test) the 
compression pre-stress will be reduced if the 
applied load raises the total compression § stress 
above the yield point. The stress diagram for such 
pre-stressed beam supporting an external load is 
shown in Fig. 6, in which the effective fatigue ten- 
sion stress 7, at the surface may be less than the 
stress T. below the surface, in which case failure 
would start below 
Foppl. Note also that the neutral axis is displaced 
from the geometric center of the beam, and that 
the tension stress 7. below the surface is greater 
than in the beam that had not been pre-stressed, 
as is shown by the dotted lines. 

evident that the improvement in 
fatigue strength by compressive pre-stress is due 
to the in the 


the surface as observed by 


It seems 


reduction in tensien stress vulner- 
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Flat Test Strip of Tempered (Stress Free) 


Fig. 8 
Steel, Held Down to Stiff Block by Screws so Only 
One Surface Is Exposed to Cold Working Treatment 


First Use OF SURFACE COMPRESSION 


The idea of surface compression to improy 
the strength of steel is probably as old as stee 
itself. It has probably been discovered, forgotte 
and rediscovered many times. Certainly every vil 
lage blacksmith knew and practiced the art ii 
making wagon and buggy springs, axles and othe 
heavily loaded parts. After these parts wer 
forged into shape they were severely hammered 
to improve their strength and, no doubt, the same 
procedure was followed by the ancient sword 
makers. Likewise, mill and ship shafts were cold 
worked by the application of small rollers at high 
pressure, after machining, because of the greater 
strength that was known to result. 

Our technical language contains many words 
that vaguely describe properties or characteristics 
of materials or just symptoms that we do not 
understand. The oil technicians have the handy 
word “oiliness” for covering up many of the things 
they do not know about lubricants, the chemists 
have “catalysis” and the 








_ metallurgists have “cold 








able surface layer, and that the 
increased compressive stress in a 
specimen stressed from zero to a 
maximum in either direction does 
no harm 
compression stress in the pre- 


probably because the 


stressed layer is adjusted by the 
vield of metal. 

Further evidence of the extra 
vulnerability of the surface layer 
is found in the behavior of speci- 
mens having increased strength in 
a thin surface layer, as in thinly 
carburized specimens or in thinly 
Fatigue fail- 


Fig. 9 


nitrided specimens. 





Dial Gage and Knife Edges for 
Measuring Curvature on Test Strips 


work”. We who are inter- 
ested in fatigue have 
much to say about “cold 
work” without regard to 
the nature of the opera- 
tion or to the effects that 
are produced. We often 
find that “cold work” and 
“work hardening” are 
used synonymously 
These expressions serve 
well enough when applied 
to certain commercial 
fabrication processes, but 
engineers must be much 
more specific when they 
wish to measure the effect 








ures in such specimens also start 
below the surface and show greater 
fatigue strength than the same material in the 
unclad state. A nitrided specimen is probably 
superior to the other forms of hard cladding 
because, in addition to the higher physical prop- 
erties of the surface layer, this thin layer is more 
highly stressed in compression and it is, therefore, 
less notch-sensitive. 

While on the subject of beneficial residual 
stresses, mention should be made of surface com- 
pressive stress obtainable by heat treatment. By 
a rapid quench it is possible to trap compressive 
stress in the chilled surface and corresponding ten- 
sion stress in the core, but this method is not so 
effective as the others discussed, possibly because 
of the low yield point of metal at heat treating 
temperatures. 


—=—$SS — of cold work on fatigue 
strength. 

Cold working of metals increases the hardness 
of most metals, including steel, at least in the 
range of low hardness. It usually results in inter 
nal stresses of varying degrees and patterns, i! 
alters the physical properties and sometimes frac- 
tures the material. With the known sensitivity 0! 
materials to fatigue, we must learn how to contro! 
cold work just as we have learned how to contro! 
heat treatment, so we may benefit by the good 
effects and overcome the evil effects. We would 
not think of specifying a heat treatment withou! 
stating whether the temperature should be raise 
or lowered and to what extent, vet that is the wa 
we now think of cold work. Cold working can b 
good or bad depending upon how it is done an 
for what purpose. 
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Papers have been published showing that cold 
king the surface, so as to produce a layer 
essed in compression, increases the fatigue 
ength of the parts to which it is applied, but 
are not told the amount of the pre-stress or 
depth of the pre-stressed layer. Both of these 
lues are presumably important in obtaining opti- 
um results for any particular specimen, but it 
s probable that the values should not be the same 
r all sizes of specimens, for all materials, or for 
ard and soft specimens. 

When the layer is stressed in compression 
by applying sufficient pressure on the work by 
rollers or by peening) to a degree exceeding the 
vield strength of the metal in compression, the 
amount of residual stress is presumably at least 
equal to this yield strength. 

The depth of the stressed layer is prob- 
ably roughly proportional to the instantaneous 
area over which the pressure is applied, and to 
the pressure intensity. The depth of the compres- 
sion stressed layer in a railroad rail (as studied 
by E. J. Herbert and reported in the Journal of 
the British Iron and Steel Institute in 1927) should 
be greater than the depth of the compression 
stressed layer in the same material if small rollers 
at the same pressure intensity were used instead 
of large car wheels. Under these circumstances 
the initial point of fracture should appear at cor- 
responding depths. Such evidence as is available 
indicates this to be true. 

The magnitude of the sub-surface tension 
stress in a loaded beam having compression pre- 
stressed surfaces will vary with the amount of 
compression pre-stress and with the depth of the 
pre-stressed layer. Figure 7 shows that the sub- 
surface tension stress may sometimes be greater 
for a deeply pre-stressed layer than for a layer of 
lesser depth. It would therefore seem important 
to control the compression stressed layer, as to 
Stress magnitude and depth, with considerable 
accuracy by proper selection of the curvature of 
the rolling or peening instruments and by the pres- 
sure that is applied. 


MEASURING THE PRE-STRESSED LAYER 


A simple and practical method for measuring 
the magnitude and depth of residual stress in the 
compression stressed layer consists of a thin flat 
Strip, attached to the h pavy base shown in Fig. 8. 
This strip is rolled or peened with the same inten- 
sity that is given to the machine part and when 
| is removed from the base it will be found to be 
urved, with the convex surface on the cold 
rked side. Curvature of the strip may be meas- 
red by an indicator, as shown in Fig. 9, which 
n then be interpreted as a measure of the 
‘posed residual stress. 
Figure 10 records as a dashed line and as a 
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full line the stress magnitude and the depth of 
the stressed layer at constant cold work intensily 
of two such test strips. To determine the magni- 
tudes the cold worked surfaces of these strips, 
whose Rockwell hardness was respectively C-64 
and C-40, were honed away in small increments 
and the curvature measured after each thin layer 
was removed. Because of the higher yield point, 
the harder specimen was found to be more highly 
stressed than the softer specimen. 

Also shown in this chart is the surface com- 
pressive stress set up by nitriding. Procedure for 
this experiment was the same except that the face 
of the specimen that was in contact with the heavy 
base was tin plated to prevent nitriding. On 
removal from the base the strip was curved con- 
vex on the nitrided side. It seems, therefore, that 
the well known resistance of nitrided specimens 
to fatigue is primarily due to the compressively 
stressed surface layer. 

Residual Stress From Honing While the 
above described peened specimens were being 
honed it was found that the strips did not fully 
recover their original flat form. To determine if 
this residual curvature was due to a “set” in the 
material, or was the result of honing, other fat 
strips that had not been peened were honed. These 
strips developed the same curvature as the resid- 
ual curvature in the peened specimens, demon- 
strating that honing produces a compressively 
stressed layer. The approximate magnitude of this 
stress is also shown in Fig. 10. This observation 
raises a question as to the state of surface stress 
in the carefully prepared and lapped specimens 
favored for laboratory fatigue tests, since addi- 
tional tests have shown that lapping also intro- 
duces surface compressive stress. 

The Carburized Layer in a carburized part is 
stressed in compression, as is shown in a simple 
test. Two opposite faces of a 42-in. square speci- 
men were carburized while the other two faces 
were protected by copper plating. The specimen 
was quenched and tempered (Continued on p. 270) 
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HE PRESIDENT of the American Society for 
| Metals, installed in this office last October, is 
scribed by one of his good friends as “an easy- 
ing gentleman who is 100% relaxed 100% of the 
-) That does not mean, of course, that he has 
4 the ability to hold fast to the things he believes 
.. and fight the good fight—- merely that this 
haracteristic of never coming within gunshot of 
sing his temper, even in the most adverse cir- 
cumstances, is responsible for his extreme popu- 
larity within the metallurgical profession. 

Herbert French’s interest in the @ has been 
continuous since 1921, when he joined the Wash- 
ington Chapter of the newly consolidated American 
Society for Steel Treating. Next year he became 
secretary-treasurer of the Chapter, and the next 
its chairman. He was one of its famous “Four 
Horsemen”; with Paul McKinney, H. W. Gillett 
and Jerome Strauss, he completed a quartet always 
prepared not only to open but to maintain dis- 
cussion on the paper presented by the visiting 
speaker. Volume II of the Transactions carries 
no less than four contributions from the pen of 
) this young physicist at the National Bureau of 
| @ Standards on such important topics as the prop- 
erties of alloy steels at high temperatures, the heat 
treatment of carbon toolsteel, steels with the new 
alloying element molybdenum, and lathe break- 
down tests of high speed tools. This literary pace 
could not be maintained, but there is hardly a vol- 
ume of Transactions that does not have a scientific 
paper from him, culminating with the “Study of 
the Quenching of Steels” which was awarded the 
Henry Marion Howe Medal in 1930. 

A characteristic which became more and more 
apparent during these years was his knack of get- 
ting things done and his ability to plot and replot 
test data in various fashions until he had squeezed 
. the last possible bit of information from them. 
| a One of the men who worked under him used to 

say, “He sure can milk the data dry!” 

He was appointed Campbell Memorial Lec- 
turer for 1933 and spoke on “Fatigue and the 
Hardening of Steels”, presenting much experi- 
mental evidence to clarify hazy notions about con- 

: ditions causing incipient damage in the metal. In 
1941 he gave a series of lectures before the Fourth 
Western Metal Congress in Los Angeles, and these 
have been published in a book entitled “Alloy Con- 

; ‘tructional Steels”. 

In addition to his contributions to the Annual 
“onventions’ technical sessions, he was almost 

ntinuously serving on cooperative committees, 
presenting the @ (then still the American Society 

Steel Treating) for years on an advisory com- 
‘ttee to the War Department, and later on special 
earch committees on the cutting and forming 


ite a 
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of metals. He was elected trustee of the national 
society in the fall of 1939. 

HERBERT JAMES FRENCH was born in New York 
City on May 27, 1893. He attended Horace Mann 
School and the School of Mines at Columbia Uni- 
versity. From the latter he received the degree of 
Metallurgical Engineer in June 1915. 

His first professional experience was as a 
chemist and assayer with American Smelting and 
Refining Co. at Murray, Utah. Returning east, he 
became metallurgical engineer for a subsidiary of 
the General Electric Co. known as the General 
Vehicle Co. in Long Island City. This company 
manufactured electric and gasoline trucks, and at 
the outbreak of World War I made the then well- 
known Gnome airplane engine for the Allied 
Nations. In their manufacture the young metal- 
lurgist came in contact with the first problems of 
importance concerning aircraft engine alloy steels 
presented to American industry. 

In 1917 French was appointed to the Signal 
Corps, United States Army, as a civilian inspector 
of materials. He continued in this work when it 
was later absorbed into the Bureau of Aircraft 
Production. As an airplane inspector he was 
introduced to plywood construction monocoque 
fuselages and had his first ride in a “crate”. Later 
he was assigned as district inspector in Philadel- 
phia for the Pittsburgh (Ordnance Metallurgical) 
office, and still later transferred to Pittsburgh to 
inspect tubing and solve production problems. 
Among his associates there were the late George L. 
Norris, long with the Vanadium Corp. of America; 
A. K. Hamilton, who until his death some years 
ago was president of the Treadwell Engineering 
Co. of Chicago; Earle C. Smith (now chief metal- 
lurgist of Republic Steel Corp.); Elmer Larned 
(now metallurgist at Youngstown Sheet and Tube 
Co.’s Indiana Harbor plant); Fred W. Krebs of 
Super Steels, Inc. of Cleveland; Harry D. Weed, 
now in Chicago for Simonds Saw & Steel Co. 

At the end of the war, French was given the 
opportunity of joining the Metallurgical Division 
of the National Bureau of Standards, where he 
expected to remain under George K. Burgess for 
about six months so as to gain some experience in 
the type of research for which the Bureau was 
noted. He stayed in Washington ten years; when 
he left, he was assistant chief of the Metallurgical 
Division. In 1929, he joined the staff of the 
research laboratory of the International Nickel Co., 
Inc. at Bayonne, N. J. Two years later he was 
transferred to the New York office in charge of 
alloy steel and iron development. 

Early in 1942 he was invited by Carl Adams, 
then chief of the Iron and Steel Branch of the War 
Production Board, to come to Washington and for 
some months he was chief of the Metallurgical 


and Specification Section. (Continued on page 272) 
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The following paper discusses 
the economic considerations 
leading to the satisfactory sub- 
stitution of a welded alloy steel 


basket for a synthetic ammonia 
converter formerly made of a 
large seamless forging. It is 
one of the prize-winning papers 





from the recent $200,000 Indus- 
trial Progress Award Progra: 
conducted by the James F. Lin- 
coln Are Welding Foundation, 
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BY J. SCHUYTEN 
Metallurgist, Shell Chemical C@a,s San Francisco 
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: iow VESSEL to be described is an inner drum l. Forge. lo 
in a synthetic ammonia converter and con- 2. Normalize, anneal, and test for physical 
tains a tube bundle and a catalyst mass outside properties, 
of the tubes; it constitutes, therefore, both an 3. Rough turn and rough bore. 
internal heat exchanger and the reaction cham- 4. Anneal for strain relief. 
ber where the ammonia is formed from its con- 5. Rough turn and rough bore with fairly Ww 
stituent gases. It is a cylindrical shell 4514 in. close allowance for final machining. at 
outer diameter and about 23 ft. long, with thick- 6. Drill bolt holes. of 
ened ends for stud bolts to fasten the top tube 7. Anneal for strain relief. 
sheet and bottom cover. The vessel is subjected 8. Final machine to dimension. a 
to a H.-N.-NH, atmosphere at 950° F. max. and %. Tap bolt holes. " 
1650 to 2000 psi. pressure; the pressure, how- In considering the first of these operations, al 
ever, is substantially the same on both sides of the comparatively simple word “forge” covers rd 
the vessel. a series of arduous and time-consuming steps. cy 
These vessels were originally seamless forg- Firstly, an ingot of sufficient size to insure ade- ro 
ings of carbon steel, S.A.E. 1030. As carbon quate forge reduction is required; secondly, the al 
steel is subject to an insidious form of disin- ingot must be upset and the center hole punched fu 
tegration known as hydrogen attack when sub- out. Subsequently, the forging is forged over a th 
jected to hydrogen-containing atmospheres at mandrel, requiring numerous reheatings before 
these temperatures and pressures, it was deter- the piece is finished to rough dimensions. 


mined to improve upon the original construction 
when ordering replacement vessels. Consider- 


able cooperative work with the prospective 
manufacturer resulted in the adoption of a 
vessel fabricated by are welding, made from a 
high grade hydrogen resistant alloy steel of the 
1 to 6% Cr type, and welded with high alloy 
electrodes of 25° Cr, 200 Ni, 55° Fe. 

The most striking feature in seamless forg- 
ing is the number and complexity of the steps 
involved in manufacture. The approximate 
sequence of operations is: 
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The subsequent machining steps with inte! 
mediate anneals are necessary to eliminate the 
deleterious effect of internal stresses remaining 
from the forging and machining operations. 
The amount of machining required even with 
relatively heavy cuts can be readily appreciated 
from the dimensions of the vessel. Summariz 
ing, it may be concluded that the process i 
general is prodigal of man-hours, time, an 
material. 

Deterioration of carbon steel in hydroge: 
atmosphere takes the form of severely reduce: 









sical properties and sharp decarburization 
fissuring of the grain structure, due to 
tion between hydrogen and various con- 
ents in the steel, notably carbides, oxides, 
} | sulphides. Tensile properties of a core 
ioved from one of these vessels after 37,848 
in service as compared with the specified 
sinals are: AFTER 
HYDROGEN ATTACK 
ld point 35,000 psi. 23,900 psi. 
sile strength 60,000 psi. 23,900 psi. 
ngation 25% min. in 2 in. 0.0% 
juction of area 50% min. 0.0% 


SPECIFIED 


It is noted that the tensile bar showed no 
ductility whatsoever, and sharply decreased and 
coincident values of yield point and _ tensile 
strength. The severe fissuring and total decar- 
burization are progressive actions. Representa- 
tive conditions at both inner and outer surfaces 
are reproduced in Fig. 1 and 2. 

An additional and related service defect 
which contributes to placing a limit on the use- 
ful life of this type of vessel is the warpage and 
out-of-roundness which inevitably ensues upon 


long exposure to severe operating conditions. 


New Tyee or CONSTRUCTION 


rhe requisites of a new type construction 
were considered to be (a) immunity to hydrogen 
attack, (b) lower cost and (c) greater simplicity 
of manufacturing operations. 

Are welding seemed the logical 
unswer to these requirements; in this 
way, a high grade of hydrogen-resistant 
alloy steel plate could be economically 
rolled and fabricated into the required 
cylinder, and the end rings could be 
rolled, welded to the cylindrical shell, 
and machined as required. An electric 


furnace alloy steel was settled upon as 


the plate material, with the following 
0.10% max. Si 0.50% 
max., Mn 0.50% max., Cr 4 to 6%, Mo 
0.410 to 0.60%, Al 0.255 max., P <0.03% 
ind S <0,02%. 


Welding was to be done with the 


analysis*: C 


shielded arc method with electrodes of 
2)°> Cr, 20% Ni stainless steel (0.10% 
‘.max.), a material which, as deposited, 
yes a strong, ductile seam with cor- 
on resistance higher than that of 
parent metal. 
Numerous practical problems arose 
*Check analysis showed C 0.08%, Cr 
Mo 0.43%, Al 0.31%. 


Fig. 2 





Fig. 1 Intergranular Fissures and Voids at 
Surfaces of Forged Steel Tube Used in Ammo- 


nia Synthesis. Nital etched; 100 magnifications 


which required solution. Firstly, the air hard 
ening propensities of the 5% Cr Mo steel 
complicated the welding procedure by requiring 
a high degree of preheat and a relatively high 
stress relieving treatment. In order to restrict 


the air hardening tendency 0.25° aluminum 





Carbon 


Total Decarburization at Surface of 0.30 
Steel Forging After 37.848 Hr Exposure fo H.-N.-NH, 
Atmosphere at 950° F. and 2000 Psi. Nital etched: 500 dia. 
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was added; thus the preheat could be safely 
reduced to 150 to 200° F, before welding, and 
the stresses satisfactorily relieved at 1150° F. 
Specifications as finally established called for a 
2-hr. soak at this temperature, with subsequent 
cooling rate of 50° F. per hr. max, to 1000° F., 
and further cooling in the furnace. Preheating 
was done by gas torches and was continuous to 
the time of stress relieving. 

Attention had to be given to the nature and 
magnitude of thermal stresses originating in the 
widely different coefficients of expansion of 
parent metal and weld metal. Stresses arising 
from differential expansions in circumferential, 
longitudinal, and radial directions were cal- 
culated and it was found that only the stresses 
in the radial direction were of significance. The 
maximum shearing stress on the fibers adjacent 
to the weld was determined to be on the order 
of 5000 psi., which was considered permissible, 

In order to weld with a single V joint the 
evlindrical wall thickness was reduced to %4 in. 





Welding was performed against a backup chil! 
strip, 1 in. wide, of 18-8 stainless steel which in 
turn was alloy tack welded inside the she’l, 
The finish weld was ;; in. wide at the inner 
wall and 84 in. wide at the outer wall; each 
joint was made with two passes with ;:-in. rod 
and the remaining passes with 14-in. rod. All 
welding was done manually by certified welders, 

It was further considered desirable, for 
maximum stability at high operating tempera- 
tures, to have the metal in the completely 
annealed condition, which would correspond to 
a microstructure consisting of spheroidized car- 
bides and ferrite. In order to insure this condi- 
tion a maximum of 150 Brinell hardness was 
specified for the plate material. The plate was 
therefore ordered in the hot rolled, fully 
annealed condition, pickled free of mill scale. 

The purchaser’s drawing merely gave the 
general dimensions of the cylinder and details 
of the ends. The drawing, Fig. 3, is adapted 
from the manufacturer’s drawing indicating 
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welds to be made with 25°) chro- 
mium, 20% nickel weld rods. 

Preheat to 150 to 200° F. before 
welding longitudinal shell seams; 200 
to 250° F. for longitudinal seams in 
end flanges. Preheat shell rings to 
200 to 250° F. before welding circular 
seams, and maintain this temperature 
up to time of stress relief. 

Stress relief of completed vessel: 


less than 50° F. per hr. to 1000° F.; 
shut off burners and cool in closed 
furnace thereafter. 

Finish the machining after the 
stress relief heat treatment, then sand 
blast inside of cylinder. 

Dimensional tolerances of shell 
sections: 

Minimum diameter, not more 
than % in. under nominal diameter. 


than ‘s in. over nominal diameter. 

Tolerance on circumference, 
in., —0.00 in. on nominal circumfer 
ence. 

Maximum difference in diamete! 
at any one cross section not to excee? 
% in. 

Maximum deviation from norma! 
center line not to exceed % in. for 
entire length of vessel. 
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tion of welded seams and showing details 
‘he welded joints. Some further details are 


en in the caption. 
FABRICATION ROUTINE 


The steps which were involved in the 
hrication of this vessel may be outlined as 


llows: 

i. Roll shells and end rings from rolled 
tes: (a) shells to be rolled cold and (b) end 
nus to be rolled at a temperature between 1000 

and 1500° F. 

2 Weld longitudinal seams in end rings and 

in each shell section; preheat as noted. 

3. Stress relieve as separate units. 

1. Remove backing strips and grind welds 

flush. 


5. Re-roll shells 


minimum possible. Therefore, circumferences 
and diameters were measured at 11 critical 
points along the length of the completed vessel. 
The difference in diameters at any one cross 
section varied from a minimum of 0 in, to a 
maximum of 14 in.; the maximum permissible 
difference of 44 in. was reached at only one 
point. Circumferences varied from —0.00 to 
3. in. on the nominal value. The maximum 
deviation from normal centerline over entire 
length was less than }4 in. 

Micro-examination of a piece cut from the 
test plate disclosed (Fig. 4 and 5, page 222) a 
parent metal consisting of a fine grained, low 
carbon structure of spheroidal carbides in a 


ferrite matrix. Both the weld and the line of 


Tensile Tests After Stress Relief (2 Hr. at 1175" F.) 





cold. Re-roll end flanges 
hot; temperature between __— 
1000 and 1500° F. 

6. Rough machine Specification 
Parent metal 
Weld metal 

Manufacturer's Tests 
Weld metal 
Parent metal 


the end-rings. 

7. Assemble shell 
and weld all cireumfer- 
ential seams. 

8S. Stress relieve. 

%. Finish- machine 
the end flanges; drill and 


Purchaser's Tests 
Weld metal 
Junction, weld and 

parent metal 


tap bolt holes. 
Parent metal 


10. Grind all welds 





' - % REDUCTION 

YIELD ULTIMATE ELONGATION or AREA 
30,000 psi. 65,000 psi. 30 in 2 in, 60% 

25 in 2in. 
65,100 97, 800 36 in 2 in, 50 
38,400 69,000 D1 in 2in. 
71,600 104,500 36 in %S in, 55 
60.200 {8.200 38 in &% in, 50 
35,800 70,000 {3 in % in, 74 








smooth and flush. 

The results of ten- 
sile tests on the plate used for the first welded 
vessel are compared in the adjoining table with 
the specifications under which they were 
ordered. A test plate was welded under identi- 
cal conditions with the longitudinal seams, and 
was stress relieved with the vessel. 

The bend test was to bend cold to 180° 
‘round a round mandrel whose diameter is 
equal to 245 times the thickness of the plate. 

Brinell hardness was specified as 150 
(Rockwell B-79 to 80); the sides of the vessel 
as delivered measured 147 to 152 and the end 
rings were 153 to 162. Hardness traverse across 
a weld, as made by the purchaser, showed very 
slight hardening at the weld junction: 


‘m.fromcenterline 0 2 4 6 8 1012 14 16 18 
Rockwell, Bscale 99 97 97 97 93-96* 85 82 81 80 80 


*Junction, weld and parent metal. 


DIMENSIONAL TOLERANCES 


Due to the nature of the service to which 
s vessel will be subjected, it is very essen- 
that the tolerances be kept at the absolute 


Thy 


fusion between weld and parent metal were 
sound throughout (Fig. 6). 

Macro-etching disclosed a heat affected 
zone adjacent to the weld 1.5 mm. wide. In 
general, judging from physical and metallo- 
graphic tests, it may be said that the welding 


was very satisfactory. 
ECONOMIC CONSIDERATIONS 


The most fundamental difference between 
the seamless forged construction and the 
welded construction lies in the simplicity of 
the manufacturing operations involved in the 
latter as compared to the former. Fabricating 
from rolled plate by are welding reduces the 
number of operations and the mar. afacturing 
time to a fraction of that formerly required. The 
plate may be purchased on the open market, 
and the total time consumed from arrival of 
material to completion of vessel need not 
exceed two weeks. 

Cost data bear out the above contentions. 
The purchaser is in no position to present a 


February, 1943; Page 221 




















Fine Grained Structure, at 100 Diam- 
eters, of 5% Cr-Mo-Al Steel Plate Used for New Ves- 
sel. Fig. 5 (center) — Same, Magnified 500 Diameter 


Fig. 4 (left) 


RA 
y ass to Show Spheroidal Carbides in Matrix of Ferrit; 
Qe. | 
ea" ™~ 
} . Ay ference in cost between the two types of con- 
6 , ‘ae struction. 
f> ee Up to the time of writing two alloy vessels 
ae Ba of welded construction have been purchased, 
ay i one of which was placed in service in June, 1941, 
ott “Me In the above no account was taken of the 
Se : oo fact that the new equipment is inherently supe- 
Wey es rior in its service life expectancy due to its 
resistance to hydrogen attack. The forged car- 
’ “an bon steel vessel was permanently removed from 
S79 7 ; service after some 50,000 hr. of service life. 
. ae In estimating the useful life of the welded 
a - alloy steel vessel, a guide 
is provided by a servic 
; ; test in the process stream 
complete breakdown of ‘ : of sample welded pieces 
manufacturing costs; + of the identical alloy and 
however, the quotations fs to" ey fe the welding technique. 
submitted may be con- a ny After exposure of son 
sidered as reliable cri- . Ye . @ “ , | 9000 hr. no effect on the 
teria of respective oe oD ’ aot weld or the junction of 
manufacturing costs. A ae a ~ SAL weld and the parent 
forging manufacturer's Cae iy metal could be found. 
quotation of March 13, d mal Be ON eR There was a ver 
N10 for one forged I sa teeth ‘ thin nitrided skin on th 
drum of carbon. steel, + % ‘. ‘ % Le parent metal due to the 
estimated weight 11,200 p ‘ a ; ammonia in the gas and 
Ib, was $10,580. A ; fy.) J oer g Rat 4 oat the stability of the 
welded vessel manufac- yee tm a 3 
turer's quotation of June 
20, 1910 for one welded Pe “> Se 
catalyst basket of alloy steel, estimated weight Bee Fee x, - EP ix, 
‘ ae SR ONT ics ee Phe RRS Scat! Cia 
9100 Ib.. was $5,007, and for lots of two the res Wiest 
quotation was $1,670 each. oe ra es, 
Therefore, when ordering one vessel at a ; mid “aie 
time, the percentage saving in cost, figured on ee Se eS oa 
the original construction, is 52.7%. ete i t it 5 
It should be remembered that the welded | es ee Fe ir : 
vessel is made of a high grade electric furnace Pe hs EO AN, 
alloy steel whose normal ratio of cost to ordi- F P'S: SYS he, SS eS 


nary carbon steel would vary 


for standard plate, bars, tubing and shapes. This 
fact makes all the more significant the dif- 


Fig. 6 


hard martensite at the joint. 


Junction of Weld Metal (at Left, Unaf- 
fected by Nital Etchant) and Parent Metal. The pre- 
heat and post-heating technique has avoided any 


from 3.3:1 to 4:1 





100 magnifications 
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rides of chromium, molybdenum, and alumi- 
m. This skin is very thin and is not con- 
dered harmful. 
It may safely be concluded that the service 
of the welded alloy steel vessels will be at 
ist twice that of the carbon steel forgings, and 
ry probably much more. 
In order to appreciate the significance of 
s change in design from seamless forged con- 
ruction to welded construction, it is necessary 
understand that a deeply rooted prejudice 
has existed, directed against any and all weld- 
ng in a high pressure synthetic ammonia plant. 
[his prejudice, however, has a very real basis, 
as welding will frequently render an otherwise 
resistant steel susceptible to hydrogen attack. 
In the case under discussion the materials 
chosen for the vessel body proper and the weld- 
ing electrodes are both practically immune to 
hydrogen attack, both before and after fabri- 
cation by welding, and, therefore, this factor 


ceases to be a consideration. 


Rapip FABRICATION AND DELIVERY 


rom the standpoint of the ultimate con- 
sumer there is one more all-important consid- 
eration, a factor which under present conditions 
looms even larger than cost 
ability. 


from the manufacturer is of prime importance; 


namely, avail- 
The delivery which can be obtained 


here again the welded construction demon- 
strates its superiority. A heavy forging of this 
nature can be made by only a very few manu- 
facturers, and they are at present completely 
engrossed in manufacturing heavy ordnance for 
Army and Navy. Fabrication of equipment by 
are welding then, in addition, is instrumental 
in alleviating a difficult shortage of production 
facilities, 

This discussion covers only one instance 
where are welded construction proved superior 
lo seamless forged construction. It should be 
pointed out that the substitution of welded ves- 
sels for forged vessels in chemical industry has 
received a profound impetus from the appear- 
ince of the multi-layer type of pressure vessel 

ide up of layers wrapped and welded in suc- 
ession. This development of the A. O. Smith 
Pp. may, by the proper combination of alloy 
er layers, gas venting arrangements and 

r design details, be utilized for the fabrica- 

of many high pressure, high temperature 

ls which heretofore have been reserved for 


nless forgings. S 


LEAD EQUIPMENT 


USED IN INDUSTRY* 


BY F. FE. WORMSER 


Secretary, Lead Industries Association 


gpa and some of its alloys are extensively 

employed in the construction of equipment 

for the production, transportation, storage and use 

of many corrosive chemicals. Following is a list 

of some more or less common chemicals in contact 

with which lead or its alloys have been used suc- 

cessfully: 

Reductions 

Sodium bisulphate 

Soldium chloride solution, 
or sea water 

Sodium hydrosulphite 

Sodium hyposulphite 

Sodium sulphate 

Sodium sulphide 

Sodium sulphite 

Sulphonations 

Sulphur chloride 

Sulphur dioxide 

Sulphuric acid 


Aluminum sulphate 
Ammonia vapor 
Ammonium sulphate 
Antimony tri-chloride 
Bleach liquors 
Brown acid mother liquor 
Carbonate, soluble 
Chlorine gas 
Hydrofluorie acid 
Koch’s acid 
Mixed acids 
Nitration mixture of H-acid 
Para-nitrophenol 
Phosphoric acid Sulphurous acid 
Phosphorous chloride Sulphuryl chloride 
Zine chloride 

This is by no means a complete list of chem- 
icals with which lead may be or has been used, 
nor does it signify that lead is necessarily satis- 
factory with all the listed chemicals under every 
circumstance. Because conditions vary so widely 
from plant to plant and process to process, il is 
always wise to judge each installation on its own 
merits and, if possible, to make tests under actual 


Among the many variables 


operating practice. 
determining the suitability of lead, or any other 
may be temperature, 


material for that matter, 


concentration, grade of lead o1 type ol alloy, rate 
of flow, presence of oxygen, degree of abrasion, 
and presence of impurities. 

It is important in selecting lead for corrosion 
resistant equipment to decide upon the correct 
grade or alloy for the purpose. If unalloyed lead 
is used, it is generally one of the A.S.T.M. grades 
known as chemical lead, acid lead, or copper-lead. 
These grades diffes from corroding and common 
lead mainly in the copper (Continued on page 262) 


*\ manuscript prepared for the next edition of 


© Metals Handbook, 
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COMPUTATIONS OF 
HARDENABILITY 


eee -tee CARBIDES, remaining in a 

piece of steel after commercially suitable 
heat treatments, are likely to throw out of kilter 
any computations of hardenability based on 
chemical analysis. For a case in point take the 
end-quench hardenability curve for S.A.E. 6150 
which is straddled by curve for NE9440 and 
9150 (Metal Progress, November 1942, page 
857). However, when hardenability is figured 
by the methods summarized in the Data Sheet, 
page 660 of the October issue, 6150 is just hard- 
enable to the center of a 3-in. round in an ideal 
quench, while 9445 would harden in 4'-in. 
rounds. 

I would assume that the difficulty is that 
there is no way of estimating the amount of 
undissolved carbides in these steels. If that is a 
correct assumption there would also be a whole 
host of steels liable to have undissolved carbides 
(particularly the Cr-Mo and the Cr-V combina- 
tions). Has anyone had difficulty in checking 
Jominy curves against Grossmann hardenability 
in such instances? 

METALLURGICUS. 


AN AID FOR TEACHING 
METALLOGRAPHY 


ONE STAYS IN A JOB long enough he is 
always studying methods to make work easier 
and that goes for the job of teaching. 

At the start of each course on metallic 
allovs, the student first must learn to polish 
and etch samples of typical alloys. After he 
finishes his first assignments he always has to 
ask whether or not the job is done satisfactorily. 

To eliminate most of these questions I have 


Small Sample of Alloy (72% Mn, 18% Cu, 10% Ni 
Mounted in Lucite Above an Acceptable Photo- 
micrograph, so a Beginner Can Appraise His Own 
Polishing and Etching. Photo about double siz 








mounted alloys in lucite, with a small area of a 
good photomicrograph mounted near the back. 
All the student has to do is to compare what he 
has developed with the structure shown with 
each alloy. Simple, isn’t it? (Cuarves Y. Ciay- 
TON, Department of Metallurgical Engineering 
and Ore Dressing, Missouri School of Mines and 
Metallurgy.) 


MEASUREMENT OF CASE DEPTH 


tr WOULD APPEAR that the six methods of 

measuring case depth, listed in the Septem- 
ber and November “Bits and Pieces” are enough, 
but none of them is without criticism. 

In our opinion effective case depth is that 
depth to which a part is harder, whet properly 
quenched, than it would have been had i! 
received the same thermal treatment withoul 
carburizing. We believe that this definition 
most satisfactorily covers the wide range 0! 
steels, from 0.10 to OAO% carbon, being case- 
hardened at the present time. 

Practically, we read case depth by fractur- 
ing the part in the condition in which it will! b 
used. We etch the fracture in 1% or 5% nilal. 
which darkens the case and leaves the cor 
light. (This is faster and generally better than 
heat tinting.) Depth is measured in thousandtlis 


Vetal Progress; Page 224 

















th a 40 measuring microscope. For depths 
r 0.020 in. a Brinell glass is adequate. Sam- 
s with cores over C-30 must often be polished 
be accurately read. 
: We check our carburizing practice on cer- 
n products by microscopic examination of 


q 
4 . . 
»wly cooled samples. In estimating case by 
4 : » 
is method, we read as far toward the core as 


ere is an obvious excess of pearlite grains 


due to carburization. For most heat treating 
specifications the two methods check. (JoHn W. 
\Warson, Metallurgical Dept., Ewart Plant, Link- 


Belt Co.) 


AVOIDING SCALE ON 
END-QUENCH TEST PIECE 


N MAKING THE JOMINY TEST for harden- 

ability accurate resulls are dependent on 
keeping the end of the specimen, which is to be 
quenched, free from scale while it is being 
heated. Recommended methods are to place 
the specimens while heating either on a block 
of graphite, or on a layer of cast iron chips. 
When heating in an electric muffle the graphite 
block produces a reducing atmosphere and may 
impair the life of the resistors or thermocouples. 
And cast iron chips may become oxidized and 
stick to the end of the specimen, causing as 
much trouble as the scale they are supposed to 
prevent. 

Both of these difficulties have been avoided 
in our laboratory. We prepared six cups from 
some scrap-ends of 25° chromium-iron bars, 
the inside diameter being ;'y in. larger than the 
hardenability test specimen, and the depth of 
the hole about 342 in. The outside of the closed 
end must be flat so the cups will stand upright. 
lhese are set up in the heating furnace while 
it is coming to temperature, and the harden- 
ibility test specimens placed in them, fitting 
rather closely, and the circulation of air is so 
slight that the specimens scale chiefly at the top 
end where it does not matter. The bottom end. 
which is to be quenched, remains protected and 
practically free from scale. 

Six of the cups are sufficient no matter how 
nany tests are to be made, assuming that only 

e specimen can be tested at a time, since the 
iting period is 60 min., the tests require 10 
i. and when one specimen is taken out of a 
» for quenching another one can be put in. 
e alloy cups do not scale very much at 
nching temperatures, and they last a long 


time. Since nothing need be used inside them 
to prevent scaling of the bottom end of the 
specimen, provided there is a reasonably close 
fit between the specimen and the cup, nothing 
can stick to the bottom of the specimen to inter- 
fere with the quench. It does not seem to be 
necessary to have these cups covered at the top, 
or to have them longer than about 3'5 to 4 in. 
(GrorcGe F, Comstock, Metallurgist, The Tita- 


nium Alloy Mfg. Co.) 


MEMORY AID FOR WELDERS 


STUDENTS have a hard time remembering 
current settings for electrodes of different 
diameter due to the fact that the present heats 
given for electrodes vary somewhat in range as 
well as the fact that there are many electrode 
types produced by different manufacturers. It 
has proved very difficult for even an experi- 
enced welder to remember all these currents. 
The data may be simplified as follows so that 
one has only three currents to remember: 
CURRENTS FOR ORGANIC COATED 
ELecrrope, Reverse PoLaniry 


DIAMETER O} 
ELECTRODI 


% in. 20 to 110 amperes 
in. 120 to 140 amperes 
in. 140 to 160 amperes 


Bare electrodes will require currents 10‘ 
higher than electrodes of reverse polarity, while 
straight polarity will average 5‘- higher. Min- 
eral coated electrodes, which can be used with 


a.c. or d.c. current, will need 20 to 25°‘ 


nore 
current than the reverse polarity class as shown. 
Keeping these sizes and currents in mind, one 
can apply his common sense for smaller and 
He should also take 


into consideration the thickness of plate or 


larger electrodes, if used. 


shape being used on the particular job. In some 
tvpes of production welding, heats (currents) 
are slightly higher, but the general trend in that 
line is for welders to use too much current. 
(JosepH V. Kiets, Welding Engineer, Harrison 
Radiator Division, General Motors Corp.) 





“Bits & Pieces” (Metallurgicus’ Own 
Page) is designed for small but use- 
ful notes on things that have troubled 
ASMers and how to avoid them. 
Send in your own. The reward is 


any S book (except the Handbook 











»”) 
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RADIOGRAPHY AS AN INSPECTION TOOL 


Outlines Presented at Panel Discussion at @ Convention, Cleveland, Oct. 13, 1942 











X-RAY INSPECTION ON A 
PRODUCTION SCALE 


BY TOM A. TRIPLETT 
President, Triplett & Barton, Inc. 
Burbank, Calif. 


TANDARDIZATION of technique and material 
in production, I believe, can be stated quite 
concisely by the following: 

Production standardization is the analyzing 
and development of a certain skill or skills, of 
either an individual or a group of individuals, 
then transferring or engineering these skills into 
machines, equipment, processes, or procedures, so 
as to insure a greater production with infinitely 
less variations than those produced by these 
individuals themselves. To gain the most from 
this process, it must be continually simplified. 

As applied to industrial radiographic work, 
Iam afraid that the time allotment is insufficient 
to cover this subject in any detail. However, an 
outline of how we, as a group, operate may serve 
to illustrate the above. 

Outside of the management, there are several 
departments in our organization with distinet 
functions: 

1. Research Division, whose task it is to 
develop and test the value of old and new methods 
in connection with X-ray work, and to make 
measurements in every phase of the X-ray process. 

2. Engineering Division, to design or other- 
wise put these ideas into machines or procedures. 

3. Test Group, composed of complete phys- 
ical, chemical, metallurgical, spectrographic, X-ray 
diffraction, electrical and other laboratories, whose 
function is to run continuous correlation tests of 
all processes, and particularly those involving the 
radiographic appearance as connected with phys- 
ical strengths, or with foundry practices that have 
formerly caused rejections. 

1. Cost and Tabulating Department runs con- 
tinual cost analysis, as well as statistical data on 
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rejections by part number, material, foundry, and 
other identifiable major factor. 

+. Production Department is broken into the 
following divisions: 

A. Handling of material. 

B. Technique setting. 

C. Raying of material. 

D. Film processing. 

E. Interpretation of film. 

F. Office work and report writing. 

6. Inspection and Maintenance Department 
insures that equipment and procedures are kept 
up to standard at all times, 

7. The Coordination Department, whose func- 
tion is to correlate the various endeavors of all 
other departments into a smooth working unit. 
This department is also charged with providing a 
written procedure for each job and process, par- 
ticularly those engaged in production work. 

One of the results of this arrangement has 
been the establishment of what we believe is the 
highest production X-ray laboratory in the United 
States. Each of its four branches is also higher in 
production capacity than would otherwise obtain. 
And, by the way, this has been done without any 
Government financing. 

Other results are the recognition of the need 
for and the development of fine focal spot, low 
scatter X-ray tubes; the first automatic X-ray 
machines; the first automatic film processing 
machines, including chemical control of solutions; 
small, light-weight equipment; and completely 
portable X-ray and dark room equipment tor 
working out in the field. 

\uxiliary results of this production standard- 
ization include the recognition for the need and 
the fostering of the development of fine-grain, 
high contrast, X-ray film, and the need for ade- 
quate instruments and basic measurements for 
various processes and materials connected wilh 
X-ray work. We have also established a research 
foundry to enable us to find what to do, or not to 
do or recommend, to prevent defects or rejections. 

Another essential and logical outgrowth has 
been an educational system for raising the sk Is 
of persons in our organization. 
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CCEPTANCE STANDARDS 
POR LIGHT ALLOY CASTINGS 


BY W. H. BURROUGHS 
Assistant Chief Inspector 
The Glenn L. Martin Co., Baltimore, Md. 


N ORDER to have a clear understanding of this 

phase of the use and interpretation of radiog- 
raphy as an inspection method, it is necessary to 
review the various factors which are involved in 
the acceptance and rejection of light alloy castings, 
Most of these factors are not peculiar to light 
alloys, but are generalizations which apply to the 
entire field of interpretation of X-ray negatives of 
cast products. 

The three major factors involved in acceptabil- 
ity are as follows: 

1. Design load. 
2. Simulated load test. 
3. Type and location of defect. 

The Design Load, as determined by stress 
analysis, must be thoroughly understood by the 
person who must interpret the X-ray negative. 
The magnitude of the load, as well as its direction, 
has a very important bearing on the decision as to 
acceptability or rejection of the part. The type 
of loading, such as tension, compression, or shear, 
must be taken into account in the final analysis of 
the acceptability of the part. The method of 
applying the load to the part is also an important 
point to know; that is, whether the load is static 
or vibratory, for since the ability of the part to 
withstand repeated reversals of loading is different 
from its ability to take a static load, the method 
of application of the load must be considered in 
the ultimate analysis. 

The Simulated Load Test should be run to 
destruction on any part before any attempt is made 
to determine its acceptability under definite inspec- 
tion standards. The test should, as near as pos- 
sible, reproduce the actual conditions of operation 
to which the part will be subjected in service. It 
is important to remember that tests run on sam- 
ples machined from a casting are not related to the 
serviceability of the part, and cannot be correlated 
with the interpretation of the X-ray negative. This 
is due to the deviations to be found in different 
sections of the casting due to variations in the 
solidification structure, the heat treatment, thick- 
hess of section, and the function of the section in 
question with respect to the entire casting. On 
the other hand, the actual area of failure will be 
designated clearly in a simulated load test. There 





is and must be a distinct correlation between the 
results of load tests and the visual interpretation 
of the negative before the castings can be accepted 
or rejected on this basis. 

The Type of Defect present in the casting in 
question must be considered in the final decision. 
Discontinuities commonly referred to as “defects” 
which occur in lighter alloy castings are more con- 
veniently divided into two types. These are gen- 
eral defects and localized defects. They will be 
summarized briefly in the same relative position 


as listed above. 


GENERAL DeFECTS 


1. Blowholes are Las holes which usually 
appear as large spherical or rounded darkened 
areas with well-defined borders. These are random 
in occurrence but usually tend to distribute on the 
cope side of a casting. The interior of these holes 
usually presents a very smooth appearing surtace. 

2. Dross or oxide inclusions appear as small 
darkened regions of very irregular and indistinct 
outline. As this irregularity is in two planes, the 
density of the film will vary. They tend to be 
random in oecurrence but sometimes are localized 
in the cope side of the casting. 

3. Segregations, such as copper, CuAl,, iron, 
and other metallic inclusions of greater density 
than aluminum, will appear as well-defined light 
spots on mottled areas of any shape. Sand inelu- 
sions appear as an uneven granular texture with 
indistinet outline varying the density of the film. 
Sand inclusions are random in occurrence and 
usually tend to concentrate in or near the drag 
surface of the casting. 

1. Gas Porosity is caused by hydrogen and 
appears on the film as spherical, round, or irregu- 
lar dark spots. In coarse grained castings these 
spots tend to be elongated or curved. Porosity is 
generally distributed throughout the entire casting 
and the size of the hole varies with the gas content 
of the metal and the rate of solidification of the 
section in which it occurs. 

>. Microshrinkage occurs in magnesium 
alloys and appears as very indistinct dark, feath- 
ery streaks on large areas. It is very general in 
occurrence; however, its presence indicates 


improper feeding. 
LOCALIZED ‘TyPEs 


l. Cracks 
darkened lines of variable width. 


This type of defect appears as 
Cracks are 
dendritic when caused by hot-shortness, Cracks 
originating from residual stresses in solid metal 
are more linear or straight and of more constant 
width. Cracks are due to excessive strain or 
impact from outward forces, or to internal strains 
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Radiograph A Ils of an Aluminum Casting an 
contained damaging cavities in the tubular walls. 


firplane Shock Absorber. 
iffer four changes in the method of gating the 





is first run, the part oo 


sand mold, checking castings radiographically after each change, the successful method was 


found for making sound castings shown in B 


residual in the cast part, after removing from the 
mold or after heat treatment. 

7. Shrinkage occurs as. cavities, pipes, or 
shrinkage porosity. On the film it appears as 
dendritic dark regions of irregular dimensions and 
indistinct outline. Shrinkage porosity is a local- 
ized spongy area and results from the same cause 
as Shrinkage. It appears as massive irregular 
darkened areas with indistinct outline. 

3. Cold Shuts appear as darkened areas of 
variable lengths, usually with a smooth outline 
and a tendency to elongation and thin section. 
Their occurrence means that the metal entered the 
mold from two directions and failed to unite prop- 
erly at the junction. In this category are also 
what are sometimes called “flow lines”. 

1. Misruns This defect appears as a promi- 
nent darkened area on the film of variable dimen- 
sions with smooth outlines where the metal has 


failed to fill the section 


ACCEPTANCE STANDARDS 


It is highly important to note that these 
defects are divided into the two sections and that 
the general defects, such as blowholes, dross segre- 


gation, and gas porosity, are not nearly as serious 


Engravings courtesy General Electric X-Ray Corp. 


as the localized types named which are direction 
It should also be emphasized that unde 
conditions should a partial opinion be formed as | 
the acceptability of a casting until all three of th 
factors mentioned at the outset have been the 


oughly analyzed and taken inte account. Each 


one has a distinct bearing on the acceptability 

the part. Furthermore, no analysis will be jus 

fied without taking each one into full considerati 
It is appropriate at this point to mention th ' 

question of standardization of type and quant 

of defects which are allowable in a casting. In | 

writer's opinion, it is highly impractical to atten 

to standardize by defects. Thorough investigati 

of this subject, based on the experience of X-raying 

a large quantity of aircraft castings, has sho 

that the only type of practical standardization 1s 

one based on a standard pattern that is, o1 

the casting is presented for inspection, it is pos 

ble to standardize to some extent on the type a 

quantity of defect acceptable in that particu 

pattern for that certain use. However, this sa 

standardization will have to be individually iny 

tigated before it is applied to any other patt 

This means that all standardization of this ty 

of inspection can apply only to an individual ¢ 


ing pattern. 


»») 
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LIMITATIONS OF 
RADIOGRAPHY AS AN 
INSPECTION METHOD 


BY VERNON I. E. WIEGAND 
Radiographer 
Wright Aeronautical Corp., Cincinnati 





| UE to the limited time allotted each speaker 

at the Panel Discussions on War Produc- 
tion at the @ Convention, it was necessary to 
brief the matter to the greatest possible extent. 
So the following outline, or check list, of the 
limitations or the proper and improper applica- 
tions of radiography as an inspection method, 
is presented without apology for its literary 
form. 

The subject of specific limitations has been 
subdivided into six main classes, each of which 
has further been broken up into its numerous 
factors. 

Next are generalized, with explanatory 
remarks, the proper and the improper applica- 
tions. Finally are listed a couple of dozen spe- 
cific examples of proper applications, with 
special reference to the inspection of aircraft 
engine parts and sub-assemblies. 


SPECIFIC LIMITATIONS 


Characteristics of Part or Material 
to Be X-Rayed 

|. Densiry or THE MATERIAL: As the density 
of the material increases it becomes less permeable 
to X-rays and secondary radiation increases. This 
decreases the definition of the projected image. 

2. THICKNESS OF THE SecTION X-RayED may 
be beyond the range of ordinary equipment, requir- 
ing a special machine which might be uneconom- 
ical or unavailable. 

3. SHAPE may be such that the X-rays could 
not penetrate into certain areas and reveal any 
defects present. 

t+. DeGree oF THICKNESS VARIATION: The dif- 
‘erence in thickness of sections may be too great 
‘0 give proper detail on one film, and require too 
‘uany different exposures to be practical. 

». Size: If the part is too great or too small 
size it might be uneconomical and impractical 
\-ray it. 

'. Posrrion: If it is too difficult to position 

vart, due to its weight, or if it requires too 


elaborate fixtures to support it while being X-rayed 
to avoid superimposition of various areas, the 
inspection method may be impracticable. 

7. Focat-Fitm Distance: The greater the 
focal-film distance the less the distortion and the 
better the detail of the image produced, but since 
the power of penetration varies inversely as the 
square of the distance, any increase in distance 
will greatly reduce the effective capacity of the 
X-ray generator. 

8. Opsect-Fitm Distance: The greater the 
object-film distance the greater the distortion of 
the image and the less detail. 

9. CoNnbITION OF THE MaTeriaL: The previous 
treatment, such as heat treating, cleaning and 
machining, or cutting off beads of welds, may 
affect the proper interpretation of the X-ograph. 

10. QuANtTiTy oF Parts To BE X-Rayep could 
be too few or too many, or the supply too irregu- 
lar, periodically or numerically. 

Characteristics of the Equipment 

1. Capacity or THE X-Ray Generator: Gen- 
erators are built in several rated capacities and at 
this time there are none available that have a uni- 
versal range applicable to all conditions. 

2. Capacity or THE X-Ray TuBe depends on 
its type, such as whether the anode is stationary 
or rotating, or is air and water or oil-cooled, its 
insulation, and its construction to operate on cer- 
tain voltage ranges; also on the size of its focal 
spot, and the type of rectification used in the high 
tension circuit. 

3. Size or Focat Spor: The detail produced 
in an X-ograph is directly related to the size of 
the projected area of the focal spot. The smaller 
this area the finer the detail, but more limited the 
range of material that can be X-rayed. 

4. Type aANb INTENSITY OF VIEWING ILLUMINA- 
rion: If illumination is not intense enough, or is 
fixed, or is not variable over sufficient range, 
required visibility is lacking on radiographs having 
higher densities and extreme contrast. 

Characteristics of Discontinuity or Defect 

1. Kinp on Nature: If the defect is of such 
a kind or nature that there is little if any differ- 
ence in density between it and the basic material 
very little information can be gained by making 
the X-ray picture. 

2. Size: The defects may be so minute as to 
be undetectable by X-rays, even with the most 
favorable dimensions of focal spot in available 
equipment. 

3. Location or Derecr may prevent the 
X-ray beam from passing through it, because so 
large a proportion of the rays are absorbed by 
superimposed areas of the part, and prevent posi- 
tioning of the part to avoid this condition. Any 
discontinuity whose plane is not parallel to the 
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X-ray beam would be harder to detect. It may 
also be located too far from the film to give good or 
sufficient detail. 

Characteristics of the Film Emulsion 

1. Conrrast: Since this is a measure of the 
differences between the dark and light shadows 
on the finished radiograph it is very essential to 
use a film with an emulsion that will permit the 
production of the greatest difference necessary to 
detect the smallest discontinuities. In a film with 
great or high contrast the change from extreme 
white to extreme black shadows is accomplished 
much quicker and with less steps of difference 
between them than in a film having an emulsion 
with a greater number of steps, or a film having 
more “latitude”. A film with a high contrast is 
desirable for X-raying a part or material of uni- 
form thickness containing small defects, because 
they would show up more vividly and be more 
easily detected. In material with great thickness 
variation such a high contrast would be undesir- 
able, because only certain areas would have the 
proper blackening, since the thicker sections would 
appear very white and the thinner sections very 
black. No detail would appear in these areas and 
small changes in thickness, such as small discon- 
tinuities, would therefore be invisible. 

2. H & D Density (FitM BLACKENING): This 
is a measure of the amount of transmitted light 
that can pass through the radiograph in any area. 
The greater the H & D density or blackness on the 
film, the less the transmitted light that can pass 
through it. High values of film blackening are 
generally used in X-raying materials made of 
lighter metals and alloys than are used with the 
heavier metals and alloys. The secondary radia- 
tion given off by the heavier metals makes it 
harder to produce higher contrast and film black- 
ening; hence it is necessary in this case to use 
films with emulsions having as high a contrast as 
possible, or other means such as intensifying 
screens to enhance the contrast. 

3. Speep of the film emulsion is measured by 
the amount of film blackening that can be obtained 
by a definite amount of X-ray intensity for a defi- 
nite thickness of material. Using a film with too 
slow a speed could be a serious limitation. 

tf. SeNsITiIviTy OF THE RapioGrareH: Since this 
is the per cent ratio of the thickness of the small- 
est detectable defect to the thickness of the base 
material, and is controlled principally by contrast 
and definition or detail, it is essential to give con- 
sideration to the inherent contrast of the film 
emulsion. 

5. Grain Size: Since definition or detail is 
controlled mainly by tube-target focal size, target- 
film distance, object-film distance and grain size 
of the film emulsion, it is necessary to choose a 





Suspension Mounting of 400,000-Volt X-Ray Tube 
in Lead Lined Room at General Electric’s Sche 
nectady Works, Being Adjusted for Radiograph 
ing a Large Steel Casting for a Turbine Case 


film with a fine-grain emulsion to aid in producing 
the greatest sensitivity for detecting the smallest 
or finest discontinuities. The finer-grained X-ray 
films are slower in speed, a matter which must be 
considered in selecting a film. 

Processing of Radiograph 

1. UNCONTROLLED TEMPERATURE OF SOLUTION: 
Too low or too high a temperature may cause 
under or over-development of the film, chemical 
fog, or injury to the emulsion which would pre 
vent standardization of the interpretational tech- 
nique. 

2. Too O_p or Exuaustep Soturions: This 
would cause improper development and_ fixation 
and ruined detail, and hinder detection of smal! 
discontinuities. The film would also be stained 

3. Derecrive CASSETTES, ARTIFACTS, FE! 
Imperfect contact between the film and the serceen 
would cause poor detail on the radiograph, Art 
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ts on the film or in cassette may produce decep- 
e impressions on the processed radiograph. 

{ Iwproper HANDLING OF Fito; Static, Pre- 
oGGING, ETC.: Friction produced between film and 
Jack wrapping paper can cause static electrical 
lischarges which cause images on the film resem- 
Jing those produced by discontinuities like fine 
racks. Sharp bending of the film may crack the 
mulsion, producing lighter areas on the film simi- 
uw to defects of greater density. Pre-fogging of 
the film by either light rays or X-rays prevents 
clear detail, despite any change in exposure tech- 
nique intended to offset those effects. Insuflicient 
washing and ineflicient drying may cause a lack 
of good detail in the finished film. 

Proper Interpretation of the X-Ograph 

1. Lack or Necessary STANDARD X-OGRAPHS: 
Without X-ographs which represent the maximum 
permissible discontinuities of various known 
kinds, it is difficult to properly interpret subse- 
quent X-ray pictures made of the same kind of 
material or Failure to establish 
standard X-ographs therefore seriously limits the 
value of radiography as a method of inspection. 

2. INSUPFICIENT INFORMATION TO CoRRELATE 
Wirh THE READING OF THE FINISHED Fitm: The 
result. of other physical or chemical analysis is 
very helpful in many instances when making the 
proper interpretation of the shadows on the 
\X-ograph. Without these other results it is some- 


similar parts. 


times impossible to properly diagnose the condi- 
tion from a view of the film alone. 

3. INSUPFICIENT NUMBER OF Previous Fits: 
The part may be of such kind and so few in num- 
ber, or made of a new material or alloy, that the 
number of films made previously are an insut- 
ficient basis of comparison. 

t. DIrFERENCES IN INTERPRETATION: One limi- 
tation due to variation in opinion of different read- 
ers as to the importance or extent of defects is 
considerably overcome as the experience of the 
Penetram- 
eters or other tell-tale marks are also very help- 


various readers widens or increases. 
ful in obtaining agreement among interpreters. 

». Lack or Macroscopic INrorMaArion: The 
presence of, or familiarity with, the object which 
was X-rayed is very desirable. Surface blemishes 
sometimes present very confusing shadows on the 
radiograph and these can be ruled out or dis- 
counted by observation of the object. 

6. IMproper Exposure or Dark Room Tecn- 
‘iovE: The film may be over-exposed and under- 
developed or under-exposed and over-developed. 
in the former case, over-exposure causes loss of 
‘ine detail; in the latter case fine detail is lost or 
shows very faintly due to under-exposure. Any 

perly exposed negative can be ruined by 

oper dark room technique. 


PROPER APPLICATIONS, IN GENERAL 


Quality Control on Foundry Practice 

Considerable application has been made of 
radiography in the development of satisfactory 
casting or fabricating technique. Shrinkage, inclu- 
sions, and porosity have been eliminated, in large 
measure, by X-raying castings and determining 
where chills should be placed or removed, the best 
place to install gates and risers, or best position 
of mold for pouring. As a result of X-ray exami- 
nation one of the major aireraft engine castings 
was considerably improved by inverting the mold, 
After the 
technique has been developed satisfactorily, cast- 


and pouring from the opposite side, 


ings can be selected at random, or as specifi- 
cally planned, from production lots to determine 
whether the approved method is functioning. 
Inspection of Welds 

The X-ray method is considered the most 
satisfactory and practical non-destructive way of 
inspecting welded joints in high pressure vessels. 
It is widely used in testing production welds of 
various structures, and in experimental develop- 
ment of welding procedures. 

To Save Time 

and Expense of Needless Machining 

Very often a discontinuity can be detected 
which may be located in an area across the face 
of a surface to be machined or in a place to be 
drilled or bored out. Considerable other expensive 
machining might have to be done before this area 
was reached in the machining operations and if 
the defect were only disclosed at that time all the 
While the 


saving of this machining expense may be consid- 


previous machining would be wasted. 


erable, in a critical period like the present the sav- 
ing in time is the greatest consideration. Wasted 
time in a production schedule can seldom if ever 
be recovered, 

To Check or Assist in Designing the Part 

Sample parts are often designed, and cast or 
fabricated, and then X-rayed to determine quickly 
and efficiently if any defects exist in the internal 
structures. If the material is to be cast and defects 
are discovered they will usually duplicate them- 
selves if no change is made in the foundry prac- 
tice. If the defects still exist after such change, 
and if this is evident in subsequent X-ray exami- 
nations, then some changes in design of the part 
may be necessary. 

Where Material Has a Very Important Use 

Under this classification are material or parts 
used in aircraft construction, ordnance material of 
various kinds, structures supporting great weight 
or subject to high internal stresses and pressures. 
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Inspection of Material 
to Determine Effect of Time and Use 

The X-ray has been used to determine the 
damage caused by decay of the wood at the ground 
line of utility poles. Also to inspect old reinforced 
concrete and welded structures in service. 

Since oxide skin inclusions in magnesium 
alloys are extremely undesirable, because of their 
tendency to contain some flux which greatly accel- 
erates corrosion, periodic X-ray examinations of 
these inclusions to determine if they had increased 
or grown during definite intervals of time, could 
be considered as another example of a_ proper 


application of X-ray as an inspection method. 
IMPROPER APPLICATIONS 


Where Other Tests Are Not Correlated 
It is very important that the results of the 
X-ray examination are compared with other tests 
or data, such as heat treating, tensile bars, knowl- 
edge of pouring temperatures, chemical analysis, 
Brinell hardness, and so on. To arrive by mere 
X-ray examination at a conclusion on all condi- 
tions required for good quality would, in most 
cases, be an improper application of its use as an 
inspection tool. 
Not Enough of a Percentage of One Heat 
to Form a Basis of Conclusion 
If a large number of castings are poured on 
one heat and some change occurs in casting tech- 
nique such as wide variation of pouring tem- 
perature — it would be improper to X-ray a few 
castings and conclude that the whole heat was bad 
or good. It would also be improper to X-ray cast- 
ings of a few heats only and none from other 
heats, since conditions are very apt to change. 
Unimportant Use of Part or Material 


Many parts have an unimportant use which 
would not justify inspection by X-ray. 
Cost of X-Raying Too Great 
The expense of X-raying might be too great 
in proportion to the value of the part or the cost 
of a failure. Or it would be improper to use X-ray 
when some other method, such as black light or 
magnaflux, might be used more easily or efficiently. 
Where X-Ray Does Not Apply 
Quite often requests are made to use the X-ray 
to determine the effects of stresses on the internal 
structures of parts after use. Often only one part 
may be available for this purpese, when the con- 
ditions might be such that it would require a series 
of X-ray examinations of many of the same kind 
of parts, operating under similar conditions, to be 
able to form the basis of a conclusion as to the 
value of the evidence obtained in that manner. 






Specific EXAMPLES OF PROPER APPLICATIONS 


The Inspection of Finished Products 

Such as electrical assemblies, heating units, 
fuses, and vacuum tubes to check for (a) position 
or alignment of parts, (b) continuity of circuits 
and (c) possible short circuits. 

Mechanical assemblies, to detect added parts 
in hidden locations, such as broken-off drill tips 

Electrical cables, to check uniformity of insu- 
lation, and concentricity of conductors, insulation 
and sheathing. 

Spark plugs, rubber tires, and golf balls. 

Ordnance parts such as fixed rounds of explo- 


sives, shells, fuses, and caps. 


Inspection of Joints 

Welded, soldered, glued, brazed joints, and 
shrink fits in assemblies, to check for (a) location 
of the fusion, (b) presence or absence of surplus 
fusion material, (c) glue pattern in plywood and 
d) shrinkage, poor bond, and other discontinuities 
in steel-backed bearings. 

Locating Position of Metal Inserts 

In molded material such as plastics and 
ceramics in electrical plugs, distributor caps, sock- 
ets, insulator bushings. 

Measuring Concealed Objects 

1. Inside diameter of pipes. 

2. Inside thread sizes. 

3. Fit of threaded hole and screw. 

t. Sodium content of exhaust valves. 
5. Size and locations of inclusions in castings 


Determining Location and Size 
of Concealed Structures 
1. Plumbing pipes and electrical conduits. 
2. Joists and columns. 
3. Steel reinforcement in concrete. 
1. Internal structure of archeological objects 
5. Condition of wooden utility poles at th 


ground line. 


Determining Kind of Materials 
and Their Distribution 

1. Identifying lead segregates and carbon 
inclusion in bearings. 

2. Thickness variations in bearings. 

3. Elimination of silver-impregnated carbon 
contacts which have unevenly distributed silve! 

!. Shrinkage of material in castings. 

5. Identifying forged and cast materials 10 
finished parts; for example, cam rings in aircral! 
engines. 

6. Porosity in castings and bearings. 

7. Differentiating between natural and «rth 
ficial stones and pearls. 

8. Age of old oil paintings. 
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NEW DEVELOPMENTS IN 
EQUIPMENT, FILMS AND 
TECHNIQUE 


BALL 


earch Laboratories of Canada 


Ottawa, Canada 


BY L. W. 
National Re 


| gp NEW DEVELOPMENTS in equipment, 

films and technique that shall be catalogued 
for you are not academic pipe dreams; they are 
il highly practicable and their value has been 
proven in work geared to rapid mass production. 

We may list five major developments in 
equipment. 

First, the source of our radiation has been 
developed. Bulky X-ray tubes and radium cap- 
sules designed for cancer therapy have been 
replaced by fine-focus X-ray tubes and highly con- 
densed radium capsules that have been specially 
designed for high quality industrial work. Radia- 
tion coming from outside the focal spot has been 
reduced by better focusing of the electron beam 
inside the tube. In radiographic 
definition has been improved by eliminating insu- 
lating oil from the path of the primary X-ray beam. 

Second, the fogging of radiographs by radia- 
tion seattered by the film holder has been analyzed, 
and cassettes have been designed which eliminate 
itcompletely. Similar fogging due to X-rays sceat- 
tered by other material in our X-ray cabinets has 
been analyzed, and it has been shown that this 
also can be eliminated by the use of proper stops 
and a heavy metal sheet placed immediately behind 
the film. 

Third, to handle the tens of thousands of 
parts that now pass through our larger testing 
laboratories, automatic equipment has been devel- 


some cases 


oped to do most of the exposure operations pre- 
viously performed by technicians. 
controls for the automatic setting and accurate 
repetition of the tube current and voltage have 
been built into this equipment. 
Fourth, misleading markings, that are fre- 
juently produced on radiographs by the traditional 
ethods of dark room processing, have been 
minated in the design of completely automatic 
cessing machines. These machines speed up 
duction by handling 500 films per hr. Their 
reduces both the number and the training of 
required in the darkroom. 
ifth, the use of 200-kilovolt X-ray equip- 
for testing irregularly shaped steel objects 
‘Ss preduction methods was beset with almost 


Electronic 





This unsatisfactory con- 


insuperable difficulties. 
dition has been eliminated by the advent of much 
It is true that the 1,000,000-volt 
X-ray equipment is a very important development 
because it can penetrate quickly 4 in. of steel, but 
it is just as important because it allows reliable 
mass production inspection of much thinner but 


higher voltages. 


irregularly shaped objects. 
So much for apparatus. 
have kept pace with the other developments, and 
they have given us several new types of film that 
are specifically designed for industrial problems. 
these has cut the duration of radium 
This particular type 


Film manufacturers 


One ol 
exposures many times over. 
is coarse grained, but it is suitable for showing 
the gross defects that radium reveals so clearly. 
New fine-grained films have been developed to 
satisfy our demand for fine resolution of condi- 
tions such as microshrinkage in magnesium. They 
give as clear a picture of a crack 0.001 in. Wide as 
was previously obtained for a crack ten times as 
It is these fine-grained films that are best 
However, war pro- 


wide. 
suited for most X-ray work. 
duction includes complicated castings whose shape 
prevents work of very high sensitivities, and for 
these parts such fine results cannot be attained 
so another type of film is available. It has mod- 
erate grain size with sufficient speed to allow the 
use of the necessary heavy lead filter. 

Other developments in films include the use 
of a thin base to reduce parallax, and of green 
tinted films that take advantage of the eye’s 
greatest sensitivity to contrast. An enormous 
increase in film contrast has resulted from the use 
of high film densities and extremely intense view- 
ing lamps. In the case of radium radiography, 
the high film contrast obtained at high film densi- 
ties can compensate for low subject contrast, and 
so small metal thicknesses can be successfully 


inspected with radium, 


DEVELOPMENTS IN TECHNIQUE 


Technique is a big subject, but I will try to 
pick out just the highlights. Technique includes 
the choice of proper voltage, 
cassette, type of film, and of the orientations and 
the source-film distances that will give the most 
reliable, the most economical, and the most rapid 


exposure, type ol 


inspection of a given radiographic subject. 

For material of uniform 
rather simple matter, and fortunately a penetram- 
eter placed on top of a uniform section provides a 


section this is a 


satisfactory measurement of the reliability of the 
technique that is decided upon. 

A vitally important development has been the 
recognition that the reliable inspection of complex 
objects, such as steel castings for tanks and light 
alloy castings for aircraft, bears very little relation 
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to the traditional inspection of uniform sections, 
and that reliance on penetrameters of the common 
type is extremely dangerous. 

This last sentence is so important that it bears 
re-reading, so it will be repeated: 

A vitally important development has been the 
recognition that the reliable inspection of complex 
objects, such as steel castings for tanks and light 
illoy castings for aircraft, bears very little relation 
to the traditional inspection of uniform. sections, 
ind that reliance on penetrameters of the common 
type is extremely dangerous. 

Fortunately, the factors that affect the sensi- 
the 


shapes have been fairly well analyzed, and almost 


tivity attained in radiography of complex 


any article in our war production can be radio 
graphed fairly well 

The switch from civilian to war production 
has greatly increased the number of manufactu 
ing problems to which radiography has been suc- 
cessfully applied. This has led to one important 


development that does not quite fit into my title. 


Portable X-Ray Equipment Includes a Truck 


Carrying Electrical Generator (Not Shown in 


This View) and “Tear Drop” Trailer Carry 
ing Tube and Its Mounting. Body of trailer 
forms a dark room in which films can be 


It is the development of X-ray laboratories fi 
link in 
Ee ftic 


war production requires that the services of ¢ 


button-pushing side lines to a vital 


organization of many of our industries, 


petent radiographers be made available to ey 


foundry and forge shop. 


\ very recent development has been 


terminology for indust 
radiography by the American Society for Test 
Materials and the American Foundrymen’s As 
bette 


all those engaged in this work and it 


approval of a standard 


ciation. This will make for understand 
between 
help to clarify discussions of radiographic tec! 
nique, interpretation and procedure 
Radiography has not been idle in advan 
to meet our war responsibilities. If we have d 


less by radiography for our equipment than | 


undoubtedly been done by our enemies, it 
because many old-fashioned industries have be: 
too slow to use it. It is a powerful inspect 
tool, and we radiographers ask the manufacturers 
to let us help finish the job the Japs started | 
developed and inspected on the jol This 
equipment saves the trouble of dismounting 


sending them to a labora 
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Hardnes 


Preliminary Report of A.S.T.M. Committee on Indentation Hardness 


(7O°% copper, 30° zinc) 


Comparative values hold only when standard test pro- 
cedures are followed, and only when made on flat specimens 
thick 
10 times the 


of cartridge brass enough to avoid the anvil 


effect (roughly depth of the indentation). 


s Conversion for Cartridge Brass 
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(a) Test 1s made with square base pyramid having 136° apex angle and load L of 50 kg. Diaganals of impression are measured 
iN MM. aNd averaged as 0. Hardness NuMbEP = LS) 68° 
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ON THE MARCH to aid users of alloys... 


FIELD offices are maintained by International Nickel’s 
Development and Research Division and by qualified 


distributors. Nickel field representatives are always 














on the go. These men offer practical advice about 


selection, fabrication and uses of metals. Assistance 











is likewise offered on problems arising from the diver- 








sion of Nickel to war industries. 

Also available are many useful publications for the 
information of alloy users to serve as practical guides 
for new emplovees and for men performing new 

operations. 
For a check list of available published information 
or a quick personal answer to your specific questions 


about Nickel alloys, please address: 





NICKEL 
THE INTERNATIONAL NICKEL COMPANY, ING. sewvons’s:s 
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Fig. 1— Typical Finished Gears. These parts have all 
been liquid carburized and oil hardened, followed by 
an alkaline bath and a fresh water rinse under pressure 











CARBURIZING GEARS IN THE 


ELECTRIC SALT BATH FURNACE 


BY WILLIAM F. SORENSON 





Metallurgist, Yale & Towne Mfg. Co., 


THERE is an ingrained American habit of insist- 
ing that quality control must keep up with 
quantity output, no matter how high that output 
may go. Perhaps this is no more evident than in 
the production of gears, and this paper will deal 
chiefly with metallurgical control coordinated with 
production in the heat treatment of oil hardened 
gears and axles, as well as carburized gears and 
parts, during the recent period when output mullti- 
plied many times over, with no end in sight. 
In the manufacture of Yale & Towne hand lift 

and electric trucks and industrial hoisting equip- 
ment, there are many types and sizes of gears, 
including high-speed and low-speed gears, inter- 
mediates, differentials, spur, pinion, and driving 
gears. They may be of from 4 to 8 pitch and 
diameters of 6 in. or less up to 12 in. The steels 
nelude S.A.E. 3140, 4150, 5140, and the new 
NE8949 (oil hardening chromium-nickel-molyb- 
lenum). These steels are all heated at various 
\ppropriate temperatures from 1450 to 1525° F. 
electric salt bath furnaces. Carburizing steels, 
so treated in the salt bath furnace, include S.A.E. 


4615, 4815, X-1315, and the NE carburizing steels. 
Typical gears of this sort are shown in Fig. 1. 

Quality control of carburized gears assumes 
properly normalized and annealed gear blanks. As 
Sauveur observed, “The annealing process has an 
important bearing on the physical properties, 
mechanical treatment, and the subsequent effect of 
the heat treatment of steel atter machining.” If 
there is an incorrect structure to begin with, there 
will be stresses and strains after hardening which 
even prolonged drawing will not remove. Given 
the correct structure, however, quality control 
naturally revolves about the physical properties, 
degree of distortion, and final finish. 

The gears under discussion are given a mirror 
finish in a special operation prior to heat treat- 
ment, in which as much as 0.002 in. may be 
removed from one side of a single gear tooth. 
In order to avoid oxidation, the necessity for 
sand blasting, or distortion after heat treatment, 
the liquid carburizing method is preferred. A fur- 
nace of the immersed electrode (Ajax-Hultgren 
standard 65-kw. size with roller-type cover) was 
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Fig. 2 Section of Oil Hardened, Carburized Gear Tooth With a 
Case of 0.030 In., Showing Typical Martensitic Structure of Case. 
Magnification 400 diameters. Hardened case is wholly free of 
deoxidation or decarburization. The transition structure begins 
with the light-colored area at about the middle, progressing inward 
to the full core structure, as shown at the bottom. A total depth 
of 0.090 in, is covered by this continuous photomicrograph 


installed two years ago. Its operation 24 hr. a day discloses 
much of interest, as will be seen. 

The time for a carburizing cycle is much reduced when 
liquid bath is substituted for the older pack carburizing, 
especially when it is recalled that after packing the parts 
in carburizing material, 4 to 7 hr. may be necessary to 
bring the pots up to heat, depending upon the type of parts 
and the size of the charges. It is apparent that parts are 
brought up to heat much more rapidly and evenly when 
immersed in molten cyanide salts; on the average, the total 
heat treating time has been sharply reduced as compared 
with gas, while, after oil quenching, the mirror-like finish 
is retained, free of oxidation or scale. These comparisons 
are made because virtually all types and methods of car- 
burizing have been utilized, at one time or another, in this 
department. Rockwell hardness of C-58 to 62 is required 
on carburized gears, and the case depth normally called 
for in the liquid bath is approximately 0.030 in. The total 
immersion and withdrawal cycle for this case is about 3 hr. 
in the liquid bath. Greater case depths (up to 0.125 in.) 
may be produced if time and temperature are provided. 
Distortion in the liquid bath is held to a minimum 0.00038 
in. at spacing on the pitch line of the gears; involute pro- 
file distortion rarely averages more than 0.0004 in., with 
frequent zero distortion at the crown. 

In addition to gears, most of the tilt handle shafts, 
steering knuckle pins, bolts, bushings, and axles are liquid 
carburized. Axles range from 6 to 36 in. in length, and 
from 1 to 2% in. in diameter. Some of these are given 
cases of 0.050 in. (more if called for in special, infrequent 
designs). Axle steels include S.A.E. X-1315, 4615, 4815, 
and 2515 for hand trucks. Gas carburizing equipment is 
available if an exceptional depth of case is specified but 
all such parts are cooled in protective atmosphere and 
reheated in the liquid bath for quenching, to prevent both 
oxidation and decarburization. (Parts carburized in the 
liquid bath to begin with are oil quenched directly.) Since 
the bath is maintained in balance and tested every day for 
correct cyanide content required for carburizing use, 
reheating gas-carburized articles in such a salt bath will 
inevitably prevent decarburization at the surface under all 
conditions of production. 

Cases deeper than 0.050 in. are also produced on cer- 
tain parts with a Rockwell of C-58 to 62 in the gas furnace, 
but there is likelihood of embrittlement since it is always 
difficult to maintain no more than normal eutectoid car- 
bon together with a margin of elasticity in the case itself. 

A typical oil hardened, carburized gear section is 
shown in Fig. 2, with martensitic structure, total absence 
of decarburization or oxidation, and the characteristic 
strong and ductile core. This gear, of S.A.E. 4615 steel, was 
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nealed and normalized, then machined, and car- 
irized for 3 hr. in the liquid bath at 1650° F., fol- 
wed by an oil quench. Introduction of more 
irbon would cause excess carbon to segregate in 
he form of free cementite at the grain boundaries, 
ving a more brittle case. It is, of course, good 
ractice to hold to a normal 0.90% carbon as a 
naximum, or even less if necessary to avoid the 
yper-eutectoid case. 

The problem of distortion also increases with 
higher carbon, as it does with the thicker cases: 
n shafting, straightening difficulties also appear 
because the case cracks readily. In fact, it is 
ibserved that liquid carburized cases do have a 
slight and desirable elasticity, whereas in a gas 
carburized case there appears to be none what- 
ever. For example, a recent but representative test 
was made on tensile test pieces of S.A.E. X-1315 
steel, one carburized in liquid bath for 3 hr, 20 
min., the other in gas for 9 hr. Both pieces had 
case depth of 0.032 in. and hardened to C-62. 


Loads as measured on the beam were as follows: 


Liguip CARBURIZED GaAs CARBURIZED 
Yield 21,000 Ib. 24,980 Ib. 
Ultimate 22,000 Ib. 24,980 lb. 
Elongation 0.5% 0.0% 

Our electric salt bath furnace has a working 
bath area of 422018 in., exclusive of the area 
devoted to the two pairs of closely spaced elec- 
trodes. This working area accommodates as many 
as 20 gears, 12 in. diam- 
eter, or the equivalent —— 
weight of metal in 
smaller gears or parts in 
a single charge. 

Large gears are sus- 
pended on hooks, or hung 
from one or more wires. 
Occasionally, two small 
gears may be placed back 
to back on the same hook. 
They are lifted out one at 
a time, and lowered in 
the oil tank. During the 
quench, gears are deeply 
immersed, and carefully 
swung back and forth. 
The bath is equipped 
with a Niagara liquid 
cooling system which 
keeps oil temperature 
below 140° F. Maintain- 
ng a suitable core struc- 
ture requires this proce- 
lure. Because of virtually 
‘ontinuous operation, the 

‘mperature of the 
ienching oil rarely falls 
low 100° F. aaa 





Depth of the molten activated cyanide salt ts 
maintained at 18 in., and the furnace holds 1600 
lb. of it when filled to this working level. An acti- 
vated carburizing salt is maintained in balance by 
adding 75 Ib. per 24 hr. during varied and heavy 
production. Weight of steel in a single charge will 
vary somewhat, but the average is about 250 Ib. of 
gears or other parts. Larger charges may be han 
dled successfully because the salt bath is a heating 
medium rather than a heat storage medium, and 
the speed with which metal itself will absorb heat 
and come to temperature is the sole limiting factor 
in determining power input and the thermal bal 
ance. Moreover, it may be observed that the chief 
reason for the exceedingly small distortion in the 
work appears to be attributable to the uniformity 
of bath temperature which causes the steel to be 
brought uniformly through the critical range to 


hardening temperature. 


CLOSE CONTROL OF TEMPERATURI 


For example, usual carburizing temperatures 
vary from 1550 to 1650° F. and control is within 


Equalization of temperature 


5° at all times. 
throughout the bath and in sections of parts of 
varying mass and area is within the limits of erro! 
of the pyrometric equipment. Gear teeth them 
selves, representing relatively thin sections, might 
be expected to heat more rapidly than the mass ol 





Fig. 3 — Electric Salt Bath Furnace-én-ddeat Treating Depart- 
ment of Yale & Towne Mfg. Co. Operator is removing a car 
burized ring gear, ready for quenching in the tank at the right 
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metal at the root. But this would result in distor- 
tion were it not for uniform heating by conduction 
at all points. This is especially noteworthy in 
fairly large and massive, heavily carburized gears, 
Which may have teeth measuring 0.5 in, trom out- 
side to root diameter. 

The factors of precise control of temperature, 
elimination of sand-blasting (which does roughen 
the parts), and lowered distortion, would all seem 
to represent something inherent or characteristic 
of the furnaces described. Were it possible to place 





Fig. 4 Carburized and Oil Hardened Gear 
Tooth, Showing Slight Mottling. 


a proper premium on time savings, in view of the 
importance of this factor today we might make 
spectacular comparisons between the 7-hr. heating 
period plus the 3-hr. carburizing time in com- 
pound, and the overall 3-hr. period required for 
the same case depth with the same weight of 
charge in a liquid carburizer. 

Our salt bath idles fewer than 4 hr. out of the 
24; the stand-by temperature is kept at 1180° F., 
above the freezing point of the salt. Furnace main- 
tenance is low, and working conditions are ideal 
because there is no excessive heat radiation, no 
obnoxious fume, and no explosion hazard. 

After the oil quench, gears and parts are all 
given an alkaline cleansing bath, followed by a 
water rinse, under Gears taken 


fresh pressure. 


Measurements in 0.0001 In. on Typical High-Speed Gears of 


S.A.E,. 4615, Before and After Hardening 


Unstained 


———————— 





-_ 


from the bath show much of the original hig! 
polish; when held up to the light, there is only the 
wavy pattern or slight mottling to indicate they 
have been heat treated at all. See Fig. 4. 

Hardened gears are packed in baskets, clos: 
together but without touching, and drawn in an 
air convection furnace at temperatures varying 
from 400° F. to 850° or 900°, depending upon the 
type of gear and steel. 

Gears are methodically checked for distortion 
and spacing on the center line, using Illinois invo- 
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tooth prior 
i, 


+ diameters 


shows the 
heat treatment. 


view 


same gear 


to Enlarged 








lute testing machines and standard Yale & Towne 


equipment. As noted in the representative table, 
warping tests for differential gears disclose unusu- 
ally low deviations. On a high-speed gear made 
of S.A.E. 4615, typical involute profile readings 
may show 0.0004 in. deviation from absolute posi- 
tion prior to heat treating, and 0.0008 in. after 
hardening. This fractional variation attributable 
to distortion is typical of the salt bath process as 
described. 

Similarly, spacing on the pitch line shows a 
maximum distortion of 0.0003 in. after heat treat- 
ing in the liquid bath (readings taken before and 
after hardening on 70 teeth and averaged). Like- 
wise, the eccentricity measurement shows gears 
entering at a deviation from the absolute of 0.001 
in. and leaving the bath at 0.001 in. 
In this connection, it may be empha- 
sized that to hold deviation on gears 
to within 0.0005 in, at any time pre- 





“A” GEAR 
Berore AFTER 


Involute profile, 


Tooth A, right side —4 —§ 
B —4 —9 
C 4 -§ 
D —4 —7 
Tooth A, left side _ will 
B 3 —§ 
Cc —4 —7 
D +1 —4 

Spacing on pitch line, 70 teeth, all measured 
Maximum deviation from correct | 0 0 
Minimum deviation from correct —1 —7 
Maximum, tooth to tooth 1 3 
Eccentricity 10 10 
Crown 5 5 





“B” GEAR 


Berore AFTER 


8 





supposes both limits and standards 
of practice which are quite uncom- 
mon and exceedingly high and exact- 
; ing. Crown measurements indicate 
— zero change after heat treating with 
“e gratifying regularity, readings being 
ait 0.0007 in. prior to heat treating, and 
—6 0.0007 in. after the entire process has 
a been carried through. (This test was 
a taken with the comparatively large 
es S-pitch gear.) 
+3 This is not perfection, howeve! 
—3 hard it might be to match it, yet at 
4 the same time, it is scarcely to be 
1 achieved on high production except in 
the best furnaces and procedures. @& 
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LIMIT NITROGEN 
IN “STABILIZED” STAINLESS 


SHEFFIELD, ENGLAND 
To the Readers of Merar PrRroGness: 

Some interesting studies by William Hume- 
Rothery and his colleagues at Oxford University 
have shown that the colored non-metallic inclu- 
sions, so characteristic a feature of the micro- 
structure of steels containing titanium, consist of 
a solid solution of titanium nitride and carbide, 
the former predominating. These investigations 
were carried out on steels sensibly free from any 
alloying metals except titanium, but one may per- 
haps apply the results to others of a more complex 
character and some interesting practical considera- 
tions then arise. 

Titanium is frequently added—as is 
known to austenitic chromium-nickel stainless 
steels, in order to remove or reduce the tendency 


well 


they would otherwise possess to undergo inter- 
¢ranular corrosion after they have been heated at 
a dull red heat. It is also well known that the 
beneficial effect of titanium results from the fact 
that it combines preferentially with the carbon in 
the steel, and thereby prevents the formation of 
chromium carbide at the grain boundaries — and 
hence the simultaneous production of the chro- 
mium-depleted bands which are the immediate 
cause of intergranular susceptibility -—— when the 
Steel is heated within the dangerous range. 

It is probable that all austenitic 
steels, whether titanium be added to them or not, 
normally contain small amounts of nitrogen, pos- 
sibly something of the order of 0.03°; indeed it 
was claimed by H. H. Uhlig in his paper before 
the @ Convention in 1941 entitled “The Role of 
Nitrogen in 18-8 Stainless Steel” that if these small 
‘mounts of nitrogen were not present, 18-8 steels, 


stainless 


th the normal carbon content of 0.10% or there- 
»outs, would be partly ferritic instead of wholly 


Stenitic. There is at least no doubt that when 
' 


ese steels contain titanium, the characteristic 


colored inclusions similar in appearance to 

those studied by Dr. Hume-Rothery which have 

been shown to consist mainly of titanium nitride 
are present in their microstructure. 

These “nitride” inclusions will obviously 
absorb a certain amount of the added titanium, 
but if the nitrogen content be not higher than 
about 0.03°¢, the amount of titanium thus ren- 
dered inoperative for combining with carbon will 
not exceed about 0.10 and will be covered by 
the small excess of this metal above that theoreti- 
cally required to combine with all the carbon in 
the steel —- an excess which is normally added to 
the latter as a matter of safety. 

During recent years, however, there has been 
a tendency to introduce nitrogen into corrosion 
resistant steels in amounts up to about one per 
cent of their chromium content. This practice 
has been more common in the melting of high 
chromium ferritic irons, but the addition of nitro- 
gen to the austenitic chromium-nickel steels has 
also been suggested as a means of increasing the 
stability of the austenite, of economizing in nickel, 
or of improving certain mechanical properties, 

So far as I am aware, these suggestions have 
been with austenitic steels 
which did not contain titanium, but if the results 
with such steels appear to be worth while, the 
scope of the nitrogen additions may be extended. 
What effects, therefore, may be anticipated if such 
amounts of nitrogen are purposely added to, or 


made in connection 


are accidentally present in, austenitic steels which 


have been dosed with titanium to prevent the 
occurrence of intergranular corrosion? 

It seems probable that in such circumstances 
the greater part, if not the whole, of the nitrogen 
will combixe with titanium to form the character- 
istic colored nitride inclusions and, if so, at least 
three disadvantages will arise. In the first place, 
the nitrogen wil! not be able to exercise any stabi- 
lizing effect on the austenite; secondly, the amount 
of non-metallic inclusions in the steel will increase 
appreciably; and thirdly, a considerable fraction 


of the added titanium will be rendered ineffective 
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for the purpose for which it is added, namely the 
prevention of intergranular corrosion. 

The extent of the last named action may be 
gaged by the fact that the atomic weights of car- 
bon and nitrogen do not differ greatly and the 
compounds they form with titanium have similar 
formulas; in other words, the effect of nitrogen 
in this respect would be broadly the same as that 
produced by raising the carbon content by a like 
amount. 

It would seem advisable, therefore, to limit 
the nitrogen content of titanium-treated steels to 
as low a value as is practicable. As drugs for free- 
ing steels from certain ills, nitrogen and titanium 
have each their own spheres of usefulness, but they 
are incompatible. (Incidentally, as columbium, 
tantalum and zirconium behave like titanium in 
forming stable nitrides, it is quite possible that 
similar remarks apply also to these metals and to 
steels to which they have been added.) 

J. H. G. MONYPENNY 
Metallurgist 
Brown, Bayley’s Steel Works, Ltd. 


KXPLOSIONS OF GAS CYLINDERS 
CONTAINING AUTOMOBILE FUEL 


SOMEWHERE IN FRANCE 
To the Readers of MeTaL ProGress: 

The scarcity of gasoline for motor car engines 
has directed attention to substitute combustibles, 
particularly of the gaseous type such as producer 
gas, water gas, and illuminating gas. 

For this purpose illuminating gas is now 
stored under pressure in steel cylinders similar to 
the other compressed gases which have been long 
used for other purposes — namely, oxygen, hydro- 
gen, carbonic acid, and others. High pressures in 
bottles made of high strength steels carry the larg- 
est possible quantity of gas in r@lation to the 
weight of the container. In general, pressures of 
3000 to 3500 psi. are used. Cylinders are made 
either of plain carbon steel or of a special heat 
treated steel with thin walls. 

While this use of compressed illuminating gas 
for automobiles became general in Germany, then 
in France, it was accompanied by many explosions 
either in charging or transport. 

Observations in Germany indicate that these 
gas cylinders often show a type of cracking cor- 
rosion which has not been found in cylinders for 
oxygen, hydrogen, CO,., and methane. These acci- 
dents did not begin immediately, but after several 
years of use. Fissures have been found oftener in 
light-weight cylinders made of special steel than 
in the heavy cylinders made of plain steel; the 
latter have been involved in far fewer accidents. 
The fissures become sharp and show up on devel- 


oping the surface of rings cut from the cylinders; 
they contain substances which can be identified 
as derivatives of hydrocyanic acid. 

In France, also, examination of cylinders 
which contained illuminating gas, particularly 
cylinders that had exploded, showed the presence 
of corrosion cracks branching off into the metal 
to depths about half the thickness of the walls. 

Phenomena of corrosion cracking, therefore, 
seem undoubtedly to be present. The principal 
factor is the nature of the gas and not of the metal, 
since these explosions and fissures have not been 
found with other gases. The greater frequency of 
failure noted for cylinders of special steel might 
be attributed to the decreased thickness of the 
walls and the consequent higher rate of pene- 
tration into the metal. Speed of corrosion-cracking 
increases, in fact, with the strain existing in the 
metal and the influence of a deep fissure on the 
strength of the walls is naturally greater when 
the walls are thinner. 

The corrosive agent which causes these fail- 
ures should be sought in the gummy condensa- 
tion products of the illuminating gas, which may 
contain hydrocyanic acid, organic oxides such as 
formic acid, or sulphurous compounds. It is thus 
related to the degree of purification of the gas, 
and this explains the fact that accidents and fis- 
sures have not occurred with the same frequency 
in various regions and different countries. 

To remedy the difficulty recourse might be 
had to protecting the interior of the walls of the 
cylinders by a special coating or lacquer, or to the 
use of the so-called non-corrodible steels. How- 
ever, it is much simpler to purify the gas, espe- 
cially by condensing as perfectly as possible the 
products decomposing in the cylinders, refrigerat- 
ing the gas and then charging it into the cylinders. 

ALBERT M. PORTEVIN 


Epiror’s Nore—Sometime before the German inva- 
sion of Southern (Vichy) France, M. Portevin mailed 
a few letters to this department, and they will be pub- 
lished in subsequent issues. 


HEAT TREATMENT OF SMALL 
GUN BARRELS 


LONDON, ENGLAND 
To the Readers of Mera ProGress: 

Heat treatment of gun barrels for infantry 
rifles and machine guns is an interesting subject 
at the present time, and in England, at least, 
depends to a considerable extent on the stresses 
set up by the “proof round” of ammunition used 
by the Small Arms Inspection Department in the 
acceptance test. The steel should give a yield of 
not less than 58,500 psi. when tested to British 
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idards Institution Specification No. 18. If the 

| passes this test then it will successfully with- 

ad the pressure raised by the “proof round”. 

Service rifle barrels in Britain have been made 

‘many years from a straight carbon steel with 

- following analysis: Carbon 0.50 to 0.60%, sili- 

n 0.25%, manganese 0.50 to 0.70%, sulphur and 

osphorus 0.030% max. each. If the barrel is 

ade from a rolled bar (upset at the end to make 
he form necessary to fix to the rifle body and to 
‘hicken up the barrel at the breech end where the 
vighest pressures take place) the rolled bar is first 
cut to length and then heated at one end to 2000° 
F. to be upset in a forging machine. 

Great care must be taken that the forging 
temperature is not too high, otherwise there is 
a danger of the steel being burnt. If the forging 
temperature is too low, then the steel will not be 
plastic enough for proper forging. Due to the 
forging and the work performed on the end of 
the bar, the structure of the bar is not constant 
along its length, the grain size being coarse at 
the end which has been upset. Therefore a nor- 
malizing treatment has to be carried out. 

Normalizing is also necessary to get the steel 
into a suitable condition for machining. In the 
delicate operations such as boring, reaming and 
rifling, machinability of the bars should be con- 
stant from end to end, as any change in the struc- 
ture in the length of the bar will adversely affect 
the tools and often mean a waste barrel. 

Normalizing may be done either in an elec- 
tric, gas or oil furnace, which may be vertical or 
horizontal. If it is vertical, the bars can be hung 
from a carrier and suspended in the furnace. If 
the furnace is horizontal the bars must be sup- 
ported on cradles, trays or other fixtures. Nor- 
malizing temperature for the steel in question is 
1960 to 1580° F., and the bars must be well soaked. 
Time depends largely on the bulk of material and 
the size of the furnace, but with approximately 50 
bars in the furnace as a full load, the soaking 
time will be in the region of two hours. 

The bars are then removed and cooled off 
in “still air”. They should not be put in a posi- 
lion where drafts can play on them, otherwise 
they will harden somewhat. 

One bar is then taken from the batch at ran- 
dom, and a standard test piece is made from it. 
This test piece should comply with the yield test 
laid down in Specification No. 18, which calls for 
a yield of not less than 58,500 psi. 

If the yield is below this figure, then a hard- 
ening and tempering treatment must be given. 
Hardening is from the normalizing heat, but the 
bars are quenched in oil, the tank being suitably 

iter jacketed or cooled by some other method. 
‘his leaves the bars in a hard state and they have 
be tempered down to the condition required. 


They are soaked in the furnace for a period of 
about four hours at 1150 to 1200° F., a tempera- 
ture which is determined by experiment, as cer- 
tain makers’ steels require different temperatures 
than others. After the bars have been soaked 
through they are cooled off in air. 

The types of furnaces used in the forging and 
heat treatment of rifle and machine gun barrels 
are many, and for forging must be capable of tem- 
peratures up to 2400° F. They can be either coke, 
gas or oil fired, depending on local conditions, 
With normalizing, hardening and tempering fur- 
naces, it is necessary to have proper pyrometric 
control, and the regulation of temperatures should 
be within close limits. 

Recording of temperatures on continuous 
charts will be found of great advantage, as tem- 
perature variations can be readily seen and imme- 
diately investigated. 

A machine gun barrel, by reason of the rate 
of fire (and under certain circumstances the num- 
ber of rounds fired per minute) may reach a tem- 
perature far above that of a rifle barrel. The 
machine gun barrel therefore is normally made 
from a good class of alloy steel such as nickel- 
chromium, molybdenum, or chromium-molybde- 
num steel. Each has to be suitably heat treated. 

The tensile strengths of the above types of 
steel are in the region of 100,000 to 125,000 psi. To 
attain this and put the steel in a satisfactory state 
for machining, a hardening and tempering treat- 
ment is necessary. 

Bars or forgings are heated at 1560 to 1580° 
F. and quenched in oil. This produces a hard steel 
with a fine grain. The blanks are then heated to 
1200° F. and cooled off in still air. If the alloy 
steel bars are machined in this condition, they 
spring badly as the material is removed, particu- 
larly in the turning and grinding operations. To 
eliminate this, the following stabilizing heat treat- 
ment is given to the bars: 

They are first straightened by hand or in a 
suitable machine, and then held in a furnace, for 
a time depending on the bulk of metal, at a tem- 
perature of 90 to 100° F. below the tempering 
temperature. This does not affect the hardness 
of the bars, but it largely eliminates the stresses 
set up by previous heat treatments. 

It is particularly necessary that the heat treat- 
ment furnaces have an even heat throughout their 
soaking zone, else different hardnesses along the 
length of the barrel bars are bound to arise, and 
great difficulty will be experienced in the boring 
and rifling operations. For this reason tempera- 
ture control should be maintained within close 


limits. 
T. Denness, Capt. 
Assistant Director of Ordnance Factories 
(Machine Guns) 
British Ministry of Supply 
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NECESSITY FOR MAKING 
FULL SCALE TESTS 


Moscow, U.S.S.R. 
To the Readers of Meta ProGress: 

In the past, the inventors of high strength 
metals for severe services and for places where 
the strength-weight ratio is important (like long 
span bridges, high speed machinery, and aircraft), 
have given most attention to the formulation and 
manufacture of alloys with high elastic limit, ulti- 
mate strength, and endurance limit. These figures 
are derived from the testing of small, smooth 
specimens, whose shape is specified and whose 
surfaces are carefully prepared. Influence of 
numerous methods of heat treatment, cold work- 
ing and so forth, was also investigated almost 
exclusively on smooth test specimens of standard 
small size. The tacit assumption, of course, is 
that articles prepared from such materials selected 
by such tests will also show increased service- 
ability ——- an assumption that is by no means quan- 
titatively borne out in service. 

A prime example of this fact is a series of 
tests made by Ltirenbaum some four years ago 
on single-throw crankshafts. Twelve designs, 
varying principally in the contour of the cheeks 
and the shape of the counterbores, were tested, 
full size, in reversed torsion. All were made of a 
0.45° carbon steel, uniformly heat treated to an 
ultimate strength of 70,000 psi. and 20° elonga- 
tion in 5 diameters. Fatigue failures occurred in 
the crank bearing at stresses ranging from +6500 
psi. to + 23,000 psi. This shows that even in a 
well-designed machine part it is difficult if not 
impossible to approach the endurance limit pos- 
sessed by material when tested under meticulous 
laboratory conditions. 

Further experiments with the crank designs 
giving the highest endurance were then performed. 
In this series, various steels were tested. One 
striking result may be quoted, showing the simul- 
taneous influence of shape (quasi-notch) and size. 
A high tensile chromium-nickel-molybdenum steel, 
heat treated to a strength of 170,000 psi., had an 
endurance limit (small laboratory specimens) of 
52,500 psi., but the full sized crankshaft made 
therefrom withstood reversed torsion of only 
11,500 psi.!) Another conelusion became obvious: 
The respective differences between endurance 
limits of small laboratory specimens, of tubes the 
size of the crankshaft bearings, and of the entire 
crankshaft, were not constant, steel to steel. It is 
therefore impossible to predict the behavior of 
large parts of intricate form from tests on small 
scale bars or of unit shapes contained in the full 


sized parts. 


The principal problem, therefore, before th 
testing engineer is to find those characteristics 
which influence these divergent results. In every 
case, model tests should verify the simpler lab 
oratory tests before a new alloy of promising prop- 
erties is approved for use. Much work lies ahead 
in the design and manufacture of such testing 
equipment. Its wide use will, however, establish 
much more clearly the correct fields of use of mor 
economical materials, which at present can only be 
guessed at as long as we depend on laboratory 
tests of small smooth specimens. 

JacoB B. FRIEDMANN 
Physical Metallurgy Laboratory 
Institute for Aircraft Materials 








\ FOSSIL GHOST! 





Skeletons of Animals Around a Dried Up 
Water Hole. Discovered by Gerard H. Boss 
in a welded high speed toolsteel. (2000 *) 
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rd nitrided surfaces are 
red on many aircraft engine 
ts, and this recently has led 
1 great expansion in the use 
the nitriding process. Anhy- 


drous ammonia is the usual 
of the 
Anhydrous ammonia is also 
increasingly used for the produc- 
tion of protective atmospheres 


source required gas. 


and special atmospheres for cop- 
per brazing and dry cyaniding 
or carbo-nitriding. Hence tt ts 
timely to present facts about the 
material and its safe handling. 
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NHYDROUS AMMONIA is manufactured by direct 
“% reaction between purified nitrogen and hydro- 
gen, and is therefore very pure (guaranteed by most 
manufacturers to be 99.95% NH, or purer) and free 








of water. Ammonia at atmospheric temperature and 
pressure is a gas, but by compression and refrigera- 
tion it condenses into a colorless liquid at —28° F. 


It is put into 100 or 150-lb. tanks or cylinders at this 


Table |— Properties of Gaseous and Liquid 
Ammonia at Various Temperatures 





TeM- GAGE PRESSURE Gas DENSITY Liguip 
or Liguip \T ATMOSPHERIC DENSITY, 
PERATURE, 
oF AMMONIA, PRESSURE, LB. PER 
. Ln. PER Sg.In. Cu.FT, per Lr. Cu.Fr. 
28 0 18.0 42.6 
0) 16 19.3 41.3 
10 24 19.8 10.9 
20) 34 20.2 10.4 
ju 15 20.5 10.0 
10) 59 21.1 39.5 
50 75 21.6 39.0 
60 93 22.0 38.5 
70 114 22.5 38.0 
SU 138 22.9 370 
v0 166 23.4 37.0 
100 197 23.8 36.4 
110 232 24.2 35.8 
120) 272 24.6 35.3 
140 364 25.5 34.0 
160 178 26.4 32.7 














temperature and the container tightly closed. 
As the cylinder and contents acquire heat from 
the outside atmosphere, the liquid ammonia 
tends to evaporate (boil), but since it is confined 
in a strong steel cylinder, only a little can evapo- 
rate until the pressure of the ammonia gas 
occupying the “unfilled” portion of the cylinder 
increases to a point where gas and liquid are in 
equilibrium at the given temperature (and pres- 
sure). Exact figures are given in Table I, from 
National Bureau of Standards’ Circular No, 142. 

From this table it can be easily figured that 
one 150-lb. cylinder of ammonia will yield 
approximately 3400 cu.ft. of ammonia gas, at 
ordinary temperatures and pressures. (See 
Table | for volume per lb. at various tempera- 
tures.) When passed through a_ dissociator, 
this will double in volume, yielding a mixed gas 
consisting of 75° hydrogen and 25% nitrogen, 
according to the equation: 

2NH, — 3H, N 

This mixed gas is a very convenient source of 
hydrogen for heat treatment and other indus- 
trial purposes. (Quite pure nitrogen may also, 
on occasion, be obtained by burning it in air 
and removing the resulting moisture, excess 
oxygen, and incidental CO.) 
containers are 


Dimensions of standard 


given in Table Il. The tube type cylinder looks 
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Table Il — Standard Ammonia Cylinders 





BortLe Type 


Overall length 56 in. 57! 


Minimum volume 3.0 cu.ft. 





Ammonia capacity 100 Ib. 150 Ib. 
Average tare weight 130 Ib. 187 lb. 
Outside diameter 12% in. 15 in. 


1.5 cu.ft. 


Tupe Type 


50 Ib. 100 Ib. 150 Ib. 
107 lb. 187 Ib. 237 |b. 

10 in. 10 in. 12 in. 

46 in. 7 ft. 7 ft. 
1.5 cu.ft. 3.0 cu.ft. 4.5 cu.ft. 








like a section of husky pipe, with closed bottom 
and recessed top to protect the outlet valve. They 
are intended to be stored, moved, or used while in 
a horizontal position. For locations and uses where 
the container is more conveniently stood on end, 
the bottle types are available with protective cap 
screwed over the outlet valve; they can be handled 
like any compressed gas cylinder. 

In accordance with Interstate Commerce Com- 
mission regulations, cylinders are filled to 54° of 
their water-weight capacity (approximately 86% 
of their maximum volume at average storage tem- 
peratures). Because of the high coefficient of 
expansion of liquid ammonia, the ammonia in a 
evlinder filled in accordance with L.C.C. regulations 
will expand to fill the eylinder completely at 145° F. 
Any further rise in temperature will result in a 
hydraulic pressure which may burst the cylinder. 
For this reason cylinders should be stored in the 


Flexible Hose « 
3/3" Square Headed Lock Nut 
slve Ste = 
valve stem Special ‘1 
Cl] Ly) Gasket 





4 6" Long 


D Long Thread 





With Ye" Pipe Plug 


Extra Heavy 
Black /ron Nipple, 


Outlet Closed During Shipment 





shade and should under no circumstances get ove: 
120° F., to allow a reasonable safety factor. 

Outlet connections on the valves are threaded 
for ‘2-in. standard black pipe, and the outlet is 
recessed slightly for a gasket, as shown in Fig. |. 
Leakage at this point is simply prevented by run- 
ning the threads back 2 in. on an extra heavy 
'2-in. pipe nipple and screwing a lock nut back on 
the threaded nipple. The washer is then placed 
on the nipple which is screwed into the valve con- 
nection and the lock nut pulled down with a 
wrench, thus making a tight closure with the com- 
position gasket between the cylinder valve and the 
lock nut. Lock nuts and washers may be obtained 
from the ammonia supplier. 

Since most metallurgical uses are for gaseous 
ammonia rather than liquid ammonia, it is neces- 
sary to arrange the cylinders so that gas rather 
than liquid is discharged from the cylinder. This 
will always occur if a bottle is standing 
upright. In the tube type, the cylinder must 
be placed so that the outlet) points down, 
Whereupon the interior dip pipe shown in 
Fig. 1 will point upward; its end is close to 
the sidewall of the cylinder and _ theretor 
above liquid level. 

One of the first questions usually asked 
is the number of cubic feet of ammonia one 
evlinder will) supply continuously withoul 
“freezing up” due to the refrigerating effec! 
of the vaporizing ammonia. The rate ol 
vaporization is dependent on the rate of heat 
absorption by the volatilizing liquid, since 1! 
is obvious that when the liquid) ammonia 


SS 
= remaining in the cylinder is chilled to —2s° | 
=— by the refrigerating effect of the vaporization, it will gasity tui 
tl] ther only upon absorption of heat to raise it above this tem 


Cylinder Top 


perature. 


Since that portion of the cylinder which is wetted 
by liquid ammonia is the only area through which the heat transtet 


! will be appreciable, the rate of vaporization will obviously decreas 
a as the liquid level in the cylinder falls. This explains the fact that 
a while a 150-lb. bottle standing vertically at about room temperature 


Dip Pipe, Fixed 
in Opposite 
Direction 

to Outlet 


Fig. 1 Sketch Showing Preferred 
Vethod of Making Leak-Proof 
Connection to Cylinder Valve 





will deliver up to 100 cu.ft. of gaseous ammonia per hr. when near!) 
full, it will deliver a maximum of only approximately 30 cu.ft. as 1! 
approaches dryness. 

From our experience, either a bottle or tube type eylind 
(150-Ib. size) standing vertically may be expected to deliver to dr 
ness up to 30 cu.ft. of ammonia gas per hr. Cylinders lying horizo 
tally will discharge gas at a little higher rate, say 50 cu.ft. per h 


Vetal Progress; Page 246 




















since as they approach dryness, the 
iid ammonia within the cylinder 
| be spread over a comparatively 
ver area, thus giving more sur- 
e for heat transfer. Obviously, 
rate of flow higher than that 
»wed by the prevailing conditions 
i! cause the pressure within the 
cylinder to drop so that the desired 
rate of flow cannot be maintained. 
\lso, if the cylinder is not weighed, 
it may be thought to be empty and 
thus several pounds of ammonia 
may be wasted. (The only way to 


the valves open, for if their tem- 
peratures are lower than that of 
the full cylinders, some gas will 
enter and condense in_ the 
empties. 

In the set-up shown in Fig. 2 
the spare bank may be turned on 
simply by opening the main 
shut-off valve on the line to the 
spare bank and simultaneously 


closing the main valve to the 
empty bank. The small amount 
of residual ammonia may then 


be bled into the exhaust system 





be sure a cylinder is empty is to 
weigh it.) 

For continuous operation it is 
necessary to “manifold” cylinders, 
so that one cylinder (or a bank of 
in while the other 
Recommended piping arrangements are 
This permits all or any one 
cylinder in a bank to be cut off service and replaced 
without interrupting delivery of gas. Empties 
should not be left connected to the manifold with 


dis- 


cylinders) is reserve is 


charging. 


shown in Fig. 2. 


Fig. 


Vanifold. Use 


Caution: 


Rupture Disk (Safety Valve) fi- 
With By-Pass to Exhaust put 


























2 Piping and Valves for Convenient and Safe 
no galvanized pipe or brass 


by opening the valve to the bleed 
line, and discharged safely out- 
doors. 

Because the heat will trans- 
fer rapidly only on the walls 
which are wetted with liquid, the exterior con- 
densation which takes place on humid days indi- 
cates fairly closely the liquid level in the cylinder. 
If the ammonia is drawn from the cylinder too 
rapidly, frost will appear on the cylinder wall. 
This, of course, means that the temperature of the 


used they may 
or trucks 


If tube type cylinders are 
stout wall brackets, horses, 


fittings. 
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To Flow Controls (See Fig. 3) 
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liquid ammonia is less than 32° F. and that the 
temperature where vaporization will cease is being 
approached. Therefore, an additional cylinder 
should be hooked up to the manifold. 

It is inadvisable to heat cylinders, in order to 
increase the rate of discharge, other than to have 
plenty of space heating equipment in the manifold 
room. It is too easy to get a bursting pressure on 
a full cylinder. Exterior vaporizers are readily 
constructed and are perfectly safe when fed with 
liquid gas from the cylinder. 


AUXILIARY EQUIPMENT 


The proper connector, at the cylinder, is 
shown in Fig. 1. The outer end of the long nipple 
shown should be fitted with a steel nut union of 


to hold normal pressures. If the line leading ‘o 
the furnace should become obstructed, the oil wil] 
be blown from the seal, thus releasing the pressure, 
Pressure gages, reducing valves, controls, flow 
meters, and safety relief seals are usually supplied 
by the furnace manufacturer, but in all cases 
should be especially constructed for use with 
ammonia. When in doubt, go to your ammonia 
supplier for advice. 

Pressure piping should be extra heavy black 
pipe (not galvanized), from 42 to 11% in. diameter 
depending on the amount of gas to be passed. 
Welded joints are preferable, although steel nut 
unions are good; for larger sized pipe use 4-bolt 
flanges at necessary mechanical joints. Joint com- 
pound should be litharge in glycerine. Test for 
ammonia leaks with fumes from a bottle of con- 











Fig. 3— Control Hook-Up for Ammonia Gas 
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the tongue-and-groove type and an armored flexible 
hose, both designed for use with ammonia. The 
shut-off valves in the manifold line (Fig. 2) should 
be of a type designed for ammonia, preferably 
back-seating so the packing does not have to with- 
stand the line pressure. 

The line leading from the manifold, or from 
the vaporizer if one is used, may be equipped with 
a rupture disk as a safety measure and this should 
be followed by a pressure gage. Since the pressure 
of ammonia under ordinary storage temperature is 
around 125 psi., it is usually thought advisable for 
accurate control to install a pressure reducer, a 
low pressure gage, a flow control such as a needle 
valve, and a flow meter, as shown in Fig. 3. The 
variable orifice type of flow meter is preferred to 
the dial type with constant orifice, since the latter 
may become partially blocked with scale, thus giv- 
ing erroneous flow rates. On some equipment an 
oil seal is included consisting of a tube extending 
down into several inches of oil, which is suflicient 


centrated hydrochloric acid, or a burning sulphur 
taper. Insulate the line pipe if it goes through 
any cold space. 

Principal safety precautions have already been 
given. Foremost is care against overheating of 
cylinders beyond summer air temperature, Cylin- 
ders should never be inter-connected so liquid can 
pass from one cylinder to another, else a cylinder, 
thought to be empty, give trouble. Within the 
range of 16 to 27° NH, in air, explosive mixtures 
occur, and this should be watched when flushing 
out furnaces and containers. 

Danger from a bad leak can be minimized by 
strong water spray, since ammonia is quite soluble 
Never try to neutralize it with acid. 

For emergencies an approved gas mask should 
be handy. Ammonia burns in the eye or mucous 
passages may be relieved, prior to reaching the 
hospital, by liberal douching with 2° borie acid 
solution-—a_ necessity in the first aid cabin 
Adequate ventilation is the best safeguard. 6 
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SILVER SHORTAGES* 


\CKING anything but scanty information con- 

4 cerning foreign markets, only the conditions 
existing in the Western Hemisphere can be dis- 
cussed. As for the situation in the United States, 
the transition of silver from a civilian to a war 
commodity frequently involved a sharp conflict 
between the natural law of supply and demand, 
polities, and control administered by Government 
agencies. Statistics follow: 


Western Hemisphere Silver Production 
(In millions of fine ounces) 


1942 1941 
United States 54 69.1 
Canada yo Be 22 
Mexico 74 78.4 
South America 29 28.1 
Central America and the 
West Indies 4.3 4.3 
Total Western Hemisphere 183.6 201.9 


U.S. Government Silver Acquisitions 
1942 1941 


Domestic production 48 70.5 
Foreign silver 14.4 72.6 
Miscellaneous receipts 1 0.7 

Total 63.4 143.8 


1942 purchases by the U. S. Government were 
by far the smallest since the silver-buying program 
was inaugurated. We estimate the total Treasury 
holdings at the end of 1942 as being 3,342,600,000 
oz., Which includes the silver content of coins in 
circulation. Of this about two billion ounces are 
used for coin or pledged as backing for silver 
certificates, and about 1% billion ounces are free 
of this restriction. 

For the eight years prior to 1942 the arts and 
industries in the United States had been using 
only silver of foreign origin, a situation which 
resulted from the premium prices paid for newly 
mined domestic silver by the Treasury Department 
under authority of the law of July 6, 1939, which 
fixed the buying rate at 71.11¢ per oz. Foreign 
supplies were ample, and the yearly average price 

1933 to 1941) ranged from 34.7 to 48.0¢ per oz., 
New York, except in 1935 when it averaged 64.3¢. 
In November 1941 a severe shortage was threatened 
because of the agreement between the governments 
of the United States and Mexico whereby the 
Treasury Department undertook to buy 6,000,000 
04. per month of Mexican newly mined silver direct 





*From “27th Annual Review of the Silver Market”, 
1942; by Handy & Harman. 


from the Mexican Government at 35¢. Industry 
was able to obtain its silver requirements by rais- 
ing its bid to 35%g¢. (Mexico’s production accounts 
for the major portion of the silver imported into 
this country.) 

A silver shortage was anticipated by Secretary 
of the Treasury Morgenthau in February 1942, 
who personally advocated the repeal of all silver 
legislation as a help in controlling inflation, an 
announcement which precipitated immediate 
action by those Congressmen opposed to repeal, 
who ended any immediate prospects for the unre- 
stricted release to industry of Treasury stocks and 
newly mined domestic silver. 

Meanwhile, the Attorney General having ruled 
that it was legal, the Treasury Department agreed 
to lease to the Defense Plant Corp, all unpledged 
bullion, and to deliver it when needed for manu- 
facture into busbars or other non-consumable 
forms to be used for war purposes. 

The War Production Board, however, felt that 
silver supplies would still be insuflicient for war 
needs. At a meeting of the Senate Special Silver 
Committee (May 28) it developed that the W.P.B. 
and Defense Plant Corp. wanted the silver on loan 
and not for consumption. While no basic change 
in che silver legislation was sought, influential 
senators refused to act fearing that the purchase 
program would be nullified. Senator McCarran 
of Nevada later blocked any action unless it 
involved an increase in the buying rate for United 
States silver to $1.00 per oz., maintaining that if 
the price were increased, production would be 
stimulated sufficiently to satisfy the demand. But 
because the demand from industry was entirely 
for the cheaper foreign silver and all domestic 
silver was being purchased by the Treasury for 
addition to its monetary stocks, the Senator's sug- 
gestion was not accepted as a solution. 

The imminent “very critical situation” to 
which Senator MeCarran alluded had already 
materialized so far as civilian industry was con- 
cerned. Imports into the United States were some- 
what below normal due to delays and perhaps 
losses in shipment, and to some reduction in Latin 
America’s production caused by a shortage of 
equipment and mine supplies. Meanwhile, con- 
tinued large consumption of silver in customary 
products, its substitution for essential materials 
such as nickel and copper, and new-found uses in 
the war effort had enlarged the demand for foreign 
silver to a point where it exceeded imports. This 
condition resulted, during April, in the indefinite 
postponement of deliveries against non-priorily 
orders and, commencing with the month of May, 
in the rationing of available foreign silver for all 
purposes other than war or essential products, 
Private industry, of its own initiative, instituted 
this rationing. 
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For the purpose of checking inflation, the 
Office of Price Administration on April 28 estab- 
lished maximum prices to apply to bullion, semi- 
fabricated products, and articles sold at retail. 
But the regulation on bullion did not apply in 
Mexico, and metal could be obtained there legally 
by paying a premium over the United States ceil- 
ing price, a premium which was small at first, 
but which increased substantially as competition 
became keener. 

Naturally the silver sold in this manner 
decreased correspondingly the amount of Mexican 
production obtainable through customary distribu- 
tors, and this shortage in turn caused stricter 
rationing for the non-essential user of. silver, 
thereby creating an incentive on his part to seek 
metal. The progressive curtail- 


” 


“outside market 
ment of supplies from normal sources brought 
about by this vicious circle, coupled with an ever- 
growing demand for silver for war and other 
essential purposes, could have but one logical out- 
come. By July 1, civilian rationing was reduced 
to the zero point and the silver-using industry of 
the United States was deprived of any new allot- 
ments whatsoever of foreign silver except for pri- 
ority orders. 

Other regulatory actions followed: 

July 21; W.P.B.; private importation of silver 
prohibited except by special authorization. 

July 29; W.P.B.; use of foreign silver in 
civilian uses sharply limited. 

August 10; O.P.A, established ceiling price of 
$5%s¢ on foreign bullion. (Since premiums in the 
“outside market” were higher, this shut off such 
purchases altogether. ) 

August 22; State Department and O.P.A. 
increased price of imported bullion to 45¢. 

Sept. 17; Treasury agreed to sell at 45¢, for 
War purposes, about 5,000,000 oz. of “silver ordi- 
nary’, not acquired under monetary legislation. 

Oct. 1; W.P.B.; consumption of foreign silver 
limited to orders rated A-3 or higher. 

The 45¢ price brought out so much silver that 
only about one fifth of the Treasury’s offering 
was bought by qualified manufacturers. 

The inflow of newly mined foreign silver con- 
tinued to exceed the demand covered by priority 
orders, and as a result arrangements were com- 
pleted whereby the Metals Reserve Corp. acquired 
for stockpiling (at 45¢ per oz.) such excess 
amounts of newly mined foreign silver as manu- 
facturers were unable to consume. This arrange- 
ment is greatly preferable to acquisition by the 
Treasury, whereupon the silver would become 
part of the monetary reserves and consequently 
restricted against resale. In accordance with this 
plan, purchases of newly mined foreign silver by 
the Metals Reserve Corp. were made throughout 
November and December. (Cont. on page 274) 











PLATINUM IN COMMERCE 


BY CHARLES ENGELHARD 
President, Baker & Co., Inc. 


NCREASED consumption of the platinum group 

metals (Pt, Pd, Ir, Rh, Ru, Os) has caused the 
W.P.B. to restrict the use of platinum for jewelry. 
The most important war-time use is as a catalyst 
for producing HNO, and H.SO, for munition 
plants. Various electrical uses are second in 
importance and are followed closely by the glass 
and the electro-chemical uses. There are numerous 
new and interesting developments with platinum 
in the latter field. Other important uses of plati- 
num-——as well as of palladium, its companion 
metal —— include catalysts for operations in organic 
chemistry, such as the production of essential 
components of vitamins. 

Many of the industrial fields have also shown 
heavy demands for platinum-clad materials. 
Essentially, these consist of a layer of platinum 
bonded to silver, nickel, steel, or another less noble 
metal, providing at a lower cost the resistance to 
corrosion and oxidation of platinum with the 
required strength of the base metal. They have 
been used to replace other corrosion-resisting 
materials which were found either inadequate or 
are required for other purposes. Platinum-clad 
equipment frequently permits chemical reactions 
to be effected in plant operations which are imprac- 
tical with less noble materials. Thus, delicate 
steps in food and drug processing may be endan- 
gered by metallic contamination, but are now 
using platinum-clad metals to protect the product. 
Vitamin producers, for instance, are using this 
type of equipment in the more severe stages ol 
processing. 

In the dental field, improved economic condi- 
tions have contributed to an increased interest in 
better dentistry, and palladium, as well as gold 
and platinum, have extended their scope of use- 
fulness for full and partial dentures, inlays and 
clasps. 

In restricting platinum for jewelry purposes, 
the W.P.B. pointed out that ample supplies exis! 
of palladium, platinum’s twin metal. Palladium is 
not new to the jewelry trade. It has been used for 
a number of years, being hardened with ruthenium, 
and is similar in appearance to platinum. 

As far as the future is concerned, it is likely 
that many of the war-developed industrial uses ©! 
platinum will remain. Palladium will continue to 
supplement rather than supplant platinum, and 
probably also will continue to find, with platinum, 
increased industrial application. & 
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Telephone wire 
coming UP 





Here's a bomber-gunner hurrying 


to load his 50-calibre gum. - +> 


In peace, @ lot of that copper 
would have gone into mew tele- 
phone lines. Now it’s needed for 


shooting and winning the war. 


That's why we can’t build new line= 
right now. That's why we're saying 
__“Please don't place Long Di- 
tance calls to war-busy centers Ul 
less it’s absolutely necess@F) . 

Thanks for all your help and we 


hope you will keep remembering. 


BELL TELEPHONE SYSTEM 


WAR CALLS 
COME FIRST 


kebruar \ df ) ave 2 
. ] . / ig - ; 








k. R. Mertz &, formerly chiel I. W. Erickson ©, ftorme: 


PERSONALS metallurgist with the U.S. Spring with J. I § ase Tractor Plant 
é‘ ' at ind Bumper Co. of Los Angeles, Racine, Wis., is now an ensi 
is now chief metallurgist of U.S.N.R., doing metallurgis 
a Bendix Aviation, Inc., of North work, assigned to a naval 
ili a cee i Mile Hollywood, Calif nance plant 
Locomotive Works, Burnham In the Army: Edwin K. Smith Anning H. Smith ©, forme: 
Pa.: John D. Tyson &, formerly ©. tormerly metallurgist at the with Phelps Dodge Corp., Phi 
chief metallurgist, to manager olf Was Department, Washington delphia, is now connected w 
sales and metallurgy; George S. now a major, Ordnance Depart the Copper Division of the W 
Baldwin ©, formerly superintend ment, Engineering Offices, Tank Production Board in Washingt 
ent of the openhearth, to chiel \utomotive Center, stationed at I. ¢ 
metallurgist Detroit , 
Walter Swardenski ©, |! 


merly machine tool buyer | 





Caterpillar Tractor Co. Peori 
Ill., is now purchasing agent f 
the Caterpillar Military Engi 
Co., Decatur, II 


Robert K. Kulp &, forme: 
research metallurgist, Steel ar 
Tube Division, Timken Rolle! 
Bearing Co., is now in charge o 
the research and development 
department for Jessop Steel ¢ 
Washington, Pa 


Cecil J. Bier &, formerly wit! 
Moraine Products Division 
General Motors Corp., Dayt 
Ohio, is now employed as meta 
lurgist for the H. L. Crowley ¢ 
of West Orange, N. J. 


John T. Bryce ©, formerly 
with Spicer Mfg. Co., has spent! 





six months studying magnesi 


metallurgy and fabricating 





methods in England and is n 


GL thy working on metal refining and 
POURED IN THE SAME MORNING fabricating with Basic Mag 


FROM A DETROIT ROCKING ELECTRIC FURNACE... nesium, Inc 

Detroit Rocking Electric Furnaces are used in jobbing and Norman E. Woldman, c! 
production foundries for melting a variety of mixtures 
throughout the day. 


metallurgical engineer, Eclip 
Pioneer Division, Bendix Aviat 
Corp., and chairman of the W 
Products Advisory Commitl 


New Jersey Chapter @, has 


Because of their automatic stirring action under non-oxidizing 
conditions, and the precise contro! 
of time, temperature and composi- 
tion, Detroit Furnaces assure su- 
perior metallurgical results. 













cepted a lectureship in the 


ning graduate school of Stey 





For versatility, speed, and low Institute of Technology, teaching 


metal losses you simply cannot 
beat the Detroit Rocking Electric 
Furnace for melting either ferrous 
or non-ferrous metals and alloys. 


a course in non-ferrous metals 


Robert W. Lindsay ©. 
merly with the Association 
Manufacturers of Chilled ¢ 


Wheels in Chicago, has joined 


DE ' ;{e}t ¥ staff of the Sealed Power ¢ 
ELECTRIC FURNACE DIVISION Micl 
S1icnh., 


; Muskegon, as resea 
KUHLMAN ELECTRIC COMPANY ° 7. aon & @ ae Ob ten bier @. ; 








metallurgist 
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OW THERE ARE 


FOUR KODAK FILMS 


FOR INDUSTRIAL 
RADIOGRAPHY... 


New, Extra Fine Grain TYPE M Film has 
Exceptional Definition —‘‘Made to Order” 
for Higher Voltages, Light Alloys, and 
Critical Inspection 


hodak Industrial X-ray Film, Type M.isa 
new. extra fine grain, high contrast film designed 
to meet the widening use of higher kilovoltages, 
the growing use of radiography in the examina- 
tion of light alloys, and the increasing emphasis 
on critical inspection in industry, generally. 
Type M’s combination of extra fine grain—finer 
even than that of Kodak’s Type A Film—and 
high contrast results in exceptional radiographic 
sensitivity... its superior definition makes ex- 
tremely accurate inspection practicable. 

Iype M is particularly advantageous in most 
million-volt work ...in the examination of thin 
parts of light alloys with lower kilovoltage 
equipment...and in other fields in which high 
lilm speed is relatively unimportant but critical 
definition is required, It can be used either for 
(ireet exposures or with lead-foil screens. 

Iype M is an important, timely extension of 
the line of films Kodak has produced for indus- 


trial use. The others are: 


Nodak Industrial X-ray Film. Type A, which has fine grain 
gh contrast—and higher speed than Type M—particu 
isetul in the radiography of aluminum and magnesium 

voltages ... and for million-volt radiography of thick 


Industrial X-ray Film, Type F, which has the highest 
speed and contrast when used with calcium tung- 


ensifving screens. It is also used for gamma radiog- 


direct and with lead-foil screens. 


Industrial \-rav Film. Tyree K. which has the highest 
speed in direct exposure ... when used with lead 
ns at higher voltages ... and, for heavier parts, with 


EASTMAN KODAK COMPANY 


X-ray Division Rochester, N. Y. 
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THE ZINC 


By ERNEST V. GENT, S 
N 1942, production continued 
to be the keynote of the zine 
industry. In line with earlier 
plans, refining and smelting facil- 
ities were expanded still further 
but, because of priority and man- 


INDUSTRY 


IN 1942 


\m Z Institut | 


power problems, the scheduled 
peak will not be reached until 
1943. 
output for the 


the second quarter of 
Although total 
vear was well ahead of 1941, the 


rate of production in December, 








Production of alloy steel castings is a fussy job...requiring 
extremely close control over each step in the process. Raw materials 
are checked against rigid specifications... moisture content of sand 
is precisely controlled...pouring temperatures are closely regulated. 
Result? Sound castings...free of cracks, surface defects, cold shuts 


or seams. 


Since 1922 The Cooper Alloy Foundry Co. has specialized in the 
production of stainless steel, monel, nickel, chrome-iron, chrome- 
nickel and other alloy castings. We offer users of castings resistant 
to corrosion, heat and abrasion, a complete alloy casting service... 
production “know-how” plus practical assistance in the selection of 
proper alloys. You can get sound castings from Cooper that are 


“right” for your application. 


THE Only ALLOY FO 


e Laboratory control over raw mater 


and finished products 
; 


e Dual foundry. 
molding. 

e Heat treating of casting 
in size. 


e Machine shop .- - - 
for finishing stainless steel. 


ials 
both hand and machin 
s up to six feet 


specially equipped 


UNDRY WITH Add THESE FACILITIES 


ved cleaning including Lustra- 


Impro " 
aaa lytic finishing which leaves all 


cast electro 
surfaces bright 
tings furnished rough, polished or 


e Cas 
fully machined _ one ounce to two tons 
Development of special alloys to meet 


sual requirements. 


e Technical consulting service. 


THE COOpst ALLOY FOUNDRY CO. 


115 BLOY STREET ° 





HILLSIDE, NEW JERSEY 
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which was expected to break 
records, more clearly reflects { 
progress made toward the obj« 


tives of the smelter program. 


High Grade Metal 


Another increa 


during 1942 in high grade met 


important 


output included not only addi- 
tions to existing plants, but t! 


starting of a new one. To su 
plement high grade tonnag 


redistillation capacity was 
greatly increased and will agai 
be largely increased by the time 
peak reached 
1943. 


flexibility in 


production is 
This gives extraordinary 
dealing with th 
demand for grades, but does | 
add to the over-all supply 

metal, since redistillation merely 
of fe 


metal into high grade zine. 


converts lower grades 

It is becoming more generally 
recognized that the zine smelting 
capacity already scheduled is 
sufficient, or at least it will hay 
to do. 


future emphasis upon mine p! 


There is likely to be m 


duction, for this may prove 


be the limiting factor 


Mine Production 


Domestic mine production 
1942 will not be so very far 
Sufficient 


growing | 


past performance. 
imports, which are 
significance, will have been found 
available to make up the diffe! 
ence required to operate smelters 
and refineries at maximu! 
Estimates for 1943 
the bel 
his 


that the economic needs ‘vill ! 


capacity. 


all predicated upon 


recognized by Washington a! 
that the necessary bases will b 
provided to maintain, if 


increase, present activities 


domestic mines. This is ess 
tial if metal is to be obtai 
and there is to be time to wrt 
with manpower and other 
duction problems. 

In an effort to increase do! 
tic mine production, a pren 
plan was announced early t 


(Continued on page 258 
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P.R. MALLORY @ CO. Inc. Hi ow to p ress 
MALLORY Lael 
a Spot Welding Tips 





and Save Vital 
Raw Material 
















iS 

n 

i¢ 

n You'll save production time and conserve essential raw materials 

\ .do a better resistance welding job, too... by insisting 

Le that spot welding tips are dressed correctly in your plant. 
Here are some suggestions: 

ly Three **Do‘s** 

d I. Machine Tips to Size on any small lathe having a suit- 
able collet or quick-acting chuck. A day’s supply of tips can 

ly easily and quickly be machined . . . and machining on a lathe 

¥ is the best dressing practice. 

1S SPOT WELDING TIPS 

” AND HOLDERS 2. To Dress Tips on the Machine... and thus avoid 

. down time on a long production run ...use the Mallory Tip 
Dresser illustrated above. This handy tool re-machines both 

upper and lower tips to the correct welding face, with no need 
for removing tips from their water-cooled holders. Or, if a flat 
tip is being used opposite a pointed or domed tip, the latter 
can be dressed by inserting a plate between the Tip Dresser 
and the flat tip. 

uN 3. Clean the Surface of electrodes at frequent intervals 

with a fine abrasive cloth. Use this cloth lightly and don’t per- 
ni mit it to become contaminated with iron particles or other 

In dirt that may “burn” the electrode. 

nd 

r. A “Don*t**: In general, do not use an ordinary shop file to 

rs dress spot we le ling electrodes. Also, a c ‘logge d or dirty file will 

n shorten electrode life by contaminating the electrode. 

| TECHNICAL DATA SPEEDS PRODUCTION! Selection 

' of the best electrode materials, designs and cooling methods for 
¢ spot, seam, flash or butt or projection welding . . . it’s not easy 

nd ; ° x - , ‘ . 

) . but the right answers in any specific application will cer- 
: tainly speed output. Mallory metallurgists and welding engi- 
, FLASH, BUTT, PROJECTION neers can give you the right answers to your problems on 

WELDING DIES resistance welding. They'll help you produce better welds, 
faster, at lower cost. Write today for specific data... and 
for your free copy of the useful 79-page MALLORY RESIS. 
TANCE WELDING DATA BOOk. 

Speedier Production 
_ 
Less Down Time le. 
| Better Welding = : 
Lower Cost P.R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA 
a V Cable Address—PELMALLO 
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ZINN ¢ IN 1942 


(Continued Jrom pa 
year for over-quota production 
February 1, 1942 
The premium price was fixed on 


the basis of Ilé at East St. Louis 


ot zine atte 


for slab zine, as against the regu 
lar price of &8.20¢, the equivalent 
of an extra 828.05 a ton for 60 


concentrates to be paid to the 


Metals 


Late in the year this figure was 


miner by Reserve Co 
raised to S29.70 

Obviously, the success of such 
1 plan depends largely upon the 
quota limits set, and as each 
operation is appraised on its own 
merits, a great deal of time was 


needed to determine initial 


quotas Because of changing 
conditions related to both costs 
and grades, it has been found 


necessary to review and revise 





Ki. ohing iG Vickery 


Our mills are working to capacity rolling ‘BER- 


ALOY 25" 


(nickel-chrome), and 


(beryllium-copper), 
‘“CUPRON" 


“TOPHET"’ 
(copper- 


nickel) ribbon and strip for vital war appli- 


cations —so vital we know that we are 
actually “ROLLING TO VICTORY". 


Consult us on your requirements for hot 


and cold rolled special alloys in rod, wire, 


ribbon, and strip. 


WILBUR B. DRIVER CO. 


NEW JERSEY 


NEWARK, 





© 
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quotas trom time to time in 
effort to maintain output. WI 
some disappointment has _ been 
expressed in the failure of the 
premium price plan to increase 
mine 


previous production, it 


must not be overlooked that. 
under the circumstances, the 
maintenance of past production 
is a considerable achievement 
In the view of some compe- 
tent authorities, the current 
situation now calls for the liber- 
alization and expansion of the 
premium price limits. If ore is 
to be mined at home in keeping 
with the needs of the enlarged 
smelting capacity, it appears 
obvious that the steadily falling 
grade of ore available must be 
utilized regardless of the increas- 
ing cost of mining and milling 
such ore. This applies particu- 
larly to the situation in the Tri- 
State district. 
Beyond 1943, outlook for 
mine production is not particu- 
larly cheerful; but much will 
depend upon the approach to the 
immediate difficulties. If these 
problems are not solved, 1943 
domestic ore estimates will need 
to be discounted, and the outlook 
beyond will seriously deteriorate 
\s to the price of the metal, 
there was no change in 1942 ins 
far as the producer and the con- 
sumer were concerned. The 
ceiling of 8.25¢ fixed on October 


10, 1941 was maintained. 


Government Controls 


1942 saw increasing govern 
mental control of zine and its 
products. General Preference 
Order M-11, effective July 1, 
1941, with its amendments, ec 
through May 31, 1942, 
and placed deliveries of slab zine 
under the control of the Office 


; 


tinued 


of Production Manageme! 
While the Director of Priorities 
exercised this right with resp 
to a part of the output, the b 
ance of the tonnage continued 
be distributed by the indus 
1942, when an 


‘< 


until June 1, 


(Continued on page 260 
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H-P-M Fastraverse 
Metal Working. 
Presses 


H-P-M “all-hydraulic” presses have 
pioneered the cpplication of modern 
hydraulics to many manufacturing 
methods. For example: die straighten- 
ing of malleable castings, rubber pad 
forming of sheet metals, injection 
molding of plastics, and high speed 
deep drawing of sheet metals, forg- 
ing and coining. All have been 
accepted by leading manufacturers. 


Today, another hydraulic press appli- 
cation—Powder Metallurgy—is be- 
coming prominent. The Hydraulic 
Press Manufacturing Company invites 
those interested in powder metal- 
lurgy to bring their press require- 
ments to H-P-M. 


The H-P-M "Closed Circuit" press 
operating system with the H-P-M 
HYDRO-POWER radial piston type 
hydraulic pump assures uninterrupted 
press service. Regardiess of your 
metal working press application— 
choose H-P-M FASTRAVERSE Presses 
—proven and accepted by modern 
industry. Write today for details. 


THE HYDRAULIC PRESS MFG. COMPANY 
Mount Gilead, Ohio, U.S. A. 


es Yew | & oyrecuse, Ver 


The dependable fong life H-P-M 
HYDRO-POWER Rediel Pump powers 
ee a i i 

ry 








ZINC IN 1942 
(Continued from page 258) 
amendment to Order M-I1 pro- 
hibited 
presentation of an allocation cer- 


deliveries except) upon 
tificate issued by the Director of 
Thus all 
the slab zine has since been 
channeled through the hands of 


the War Production Board. 


Industry Operations. 


Restriction Orders 


Order M-11-b, 
July 24, 1942, was the first direct 


Conservation 


restriction of the use of zine. 
Except for U. S. Government and 
lend-lease account and = certain 
other special exceptions, the use 
of zine in stipulated items (List 
A) was cut in half to September 
first and thereafter entirely pro- 
hibited. The use of prime West- 
ern zine in items not included in 


the list was reduced by 2: 
(90 in the case of other grades 

An amendment prohibited the 
use of zine after October 10 to 
make closures for glass contain- 
ers, one of the important uses oj 
rolled zine in = normal 
Restrictions on the production of 
dry cell batteries were imposed 
on October 2, 1942, while anothe; 
order restricted the use of zinc 
for printing plates. 


times 


Consumption 

















Ire Naturally, as the war program 
progresses, uses change. Accord- 
ing to published reports, galva- 
nizing operations late in the year 
were found to be only about 40° 


An Unusual Advertisement 
‘ P of what they were a year earlier 
Addressed to Scientists It is reasonable to assume that, 


with the severe restrictions on 
both steel and zinc, galvanizing 
now is largely for war uses and 
the tonnage of zine so used for 
civilians may be near the irre- 
ducible minimum. 

to meet normal demands. Now, war and post-war “« 


This ts one of America’s three largest organizations 
engaged in conducting research for industrial cor- 
porations and governmental agencies. Even with con- 
stant expansion it has had to work at peak capacity 
everyone knows, brass 
development requires additions to a staff of 200 , oa a . 

mill capacity has continued to 
expand, which calls for increas 
zine. Brass 


people. Regular sources for new personnel have be- 


come inadequate so this means is being used to : oe s 
ing quantities of 


now takes first, instead of second, 
place in the outlets for zine. 

Exports continue to be signifi- 
cant. According to a recent 
statement attributed to the Presi- 
dent, lend-lease and direct pur- 
chases of zine by our Allies 
absorbed over 16% of our supply 
in the first half of 1942. 

To date no shutdowns o 
delayed production of war mate- 
riel have occurred due to a short- 
age of zine. As to the future. 
reservations only with 


locate research-minded engineers and scientists who 
can maintain this organization’s high standards. 


Particularly needed are: 


PHYSICS Physicists with general experience and Physicists with 


electronic experience. 


ENGINEERING Mechanical Engineers with a flair for development and 


Engineers experienced in engineering mechanics. 


METALLURGY Physicists or Chemists with metallurgical experience and 


Metallurgists with research experience. 


Such men and women can be assured salary and 
opportunity commensurate with ability. And, future 
commitments promise post-war permanency. If you 
with 
respect to the unforeseeable 
given the necessary domestic 
mine production and ore imports, 
present scheduled smelting and 
refining capacity should be sufli- 
cient to provide all our own wat 
needs, as well as those of our 
Allies. As is the case with prac- 
tically all metals, civilian uses, 
unless essential, are not likely 
to get much consideration ‘50 
long as direct military demands 


can qualify and are not engaged in essential war 


work please write immediately. 


ARMOUR RESEARCH 
FOUNDATION 


Dearborn, Federal and 33rd Streets 


Address replies to 50 West 33rd Street, 
CHICAGO, ILLINOIS 























maintain. S 
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Conserve Nickel and Chromium 





BUY WAR BONDS 


REGULARLY 


Its the MISCO way—to do it better 


Misco Alloy Sheet Carburizing Boxes—A Real Aid to Production 


Misco sheet carburizing boxes are made by men who KNOW 
the requirements of carburizing containers and the conditions 
under which they operate. The result of this first hand spe- 
cialized experience is the up-to-date Misco alloy sheet carbu- 
rizing box. These modern, light weight boxes save valuable 
metal, fuel and space and will help get higher production by 
reducing handling time. They improve quality of product and 
meet all accepted standards for efficient and economical oper- 
ation. Misco sheet carburizing boxes are made in compact 
sizes and types that will handle a wide range of work with 
more production per box. We will gladly furnish details of 
Misco sheet carburizing boxes upon receipt of your inquiry. 


Michigan Steel Casting Company 








Producers of Heat and Corrosion 
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One of the World's Pioneer 1999 Guoin Street 


Resistant Alloy Castings DETROIT, MICHIGAN 








LEAD 


(Continued from page 223 


content which between 


0.040 and 0.080%, considerably 


runs 


higher than in the other grades. 


Chemical lead is always higher 


in silver, and copper-lead may 


run higher in silver than other 


grades. Although these grades 
somewhat 
there 


where still greater strength and 


are stronger than 


others, are installations 


rigidity are needed. In such 
cases an alloy may be used. The 
alloys also may have better cor- 
under some 


rosion resistance 


operating conditions. 


One of the most common 
lead alloys thus employed is 
antimonial lead containing up to 


12% antimony, but since this 





A Battery of Box Type 


Furnaces for the Carburizing, Annealing 
and General Heat Treating of Small Parts. 


Large or Small 


IK:S Builds ‘Em All 


W hether you need a small or large furnace, R-S Engineers 
can design an installation to meet the exact requirements 


encountered in your own plant. 
Operating results invariably show a marked reduction 
in over-all costs, the conservation of fuel and labor andan 


improved product. After 
true measure of furnace 


all, operating experience is the 
value and R-S Furnaces serve 


many of the leading manufacturers from coast to coast. 
Write for helpful suggestions concerning your present 


heat-treating problems. 


FURNACE DIVISION 
R-S PRODUCTS CORPORATION, 128 Berkley Street, Phila., Pa. 





Annealing 

Car Hearth 
Continuous Conveyor 
Forging 





Plate and Angle Heating 


Convection 
Rotary Hearth 
Salt Bath 
Metal Melting 


Pyilale 
Vv U 
Neel, 
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alloy loses strength rapidly 

elevated temperatures, its pri: 
cipal use is with temperatur: 
up to 210 to 250° F. For high 
alloy of lead 
tellurium has 


temperatures an 
with 0.05 to 0.06% 
been employed quite extensively) 
in the last few years because o! 
high resistance to fatigue failure 
This alloy work hardens and is 
said to have good corrosion 
resistance, particularly against 
hot sulphuric acid. An alloy of 
lead with about 7% tin has also 
been used successfully in chro 
mium plating operations, and a 
1° silver alloy is used for insol- 
uble anodes in electrolytic zinc 
refining. 

lead for 


resistant 


Joints in used cor- 


rosion equipment are 


made by fusion welding, a 
method of joining that is com- 


monly known by the somewhat 


misleading term of “lead burn- 
ing”. This method is used so 
that no metal other than lead 


will be exposed to corrosive 
attack. Likewise, it is necessary 
to see that the lead exposed to 
attack is homogeneous in com 
position in order that all exposed 
resist attack uni 


metal may 


formly. Therefore, if metal has 
to be added through the use of a 
filler, or so-called “burning bar”, 
in making joints, the bar should 
have the same composition as the 
lead being joined, Thus, chem 
ical lead should be joined by the 
use of a chemical lead filler bar, 
6° antimonial lead by the use 


of a 6% antimonial lead fille: 
bar, and so on. Oxygen and 


hydrogen are the most generally 
preferred gases for lead weiding, 
but others, such as oxygen and 
acetylene, and oxygen and cil) 
gas, are also used.* 

Forms of Equipment 
Because of its low strength, lead 
is usually supported by son 
other stronger material, such as 
(Occ 
sionally chemical equipment |s 
made of cast lead alloy, but the 

(Continued on page 264) 


steel, wood or concrete. 


*See @ Metals Handbook, 19.9 


Edition, page 245. 











AN EXAMPLE OF COMPLETE ROLLING 
MILL FURNACE EQUIPMENT... 


Flowing each hour from this 
pair of walking hearth heating 
furnaces come tons of extra large 
billets to be rolled into sheets in 
one of the nation’s greatest mills. 

After rolling, custom-built Con- 
tinental equipment again takes on 
the job—annealing, spraying, 
pickling, and handling these 
bright sheets carefully, efficiently 
—engineered from stem to stern 
to produce exacting results. 


Whether your particular heat 
treating requirements involve fer- 
rous or non-ferrous metals, large 
or small jobs, check with Con- 
tinental for specialized equipment 
that will deliver the perfect results 
you must have to meet exacting 
wartime specifications. 


INDUSTRIAL 
ENGINEERS INC. 


201 N. WELLS STREET 
CHICAGO, ILLINOIS 
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LEAD 


(Starts on page 223 


the walls are unusually thiek to 


gain the necessary. strength; 


valves, pumps and _ fittings are 


also frequently made of cast lead 


alloy Sometimes the support 


ing structure may be merely a 


=] 


framework of steel, but= more 


often the entire outer shell is 
made of strong material with a 
lead lining applied to it in vari 
Small 


simply have the sheet lead lining 


ous Ways. tanks may 
hung in them by turning the lead 
over the upper edge. 

For better support the lining 
is often supported by 2-in. half- 
round steel straps fastened at 
frequent intervals inside the lead 
and through it to the outer steel 
shell. 


These st raps are 


COVET ed 





Sp 


y AE 





FOR AIR AND AIRLESS 


BLAST CLEANING EQUIPMENT 


SPEED IS VITAL IN BLAST CLEANING. 
Speed in solving cleaning room prob- 
lems—and speed in producing finished 


work. 


Since its beginning in 1904, Pangborn 


Corporation has recognized the impor- 


tance of speed cleaning. 


Year by year 


new goals of performance have been 


set met 


-and passed by equipment 


that is constantly being improved and 


redesigned by our engineers working 


with our customers. 
For more than a third of a century 


equipment has grown 


step by step—with our customers. 


through two world wars—Pangborn 


Concerns 


that were small twenty-five to thirty years ago are now the nation’s 


great metal plants and war production units. 


We served them “then” 


and we continue to serve their greatly magnified needs today. Simply 
because our cleaning and dust control equipment has grown and 


expanded with their growth and expansion. 


G 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 


PANGBORN CORPORATION 


That's why Pangborn is recognized 
throughout industry as HEAD- 
QUARTERS for everything modern 
and up to date in blast cleaning 
performance. Our experience and 
our equipment invite your con- 
sideration. For prompt, time- 
shortening, dollar-saving answers 
COME 


to cleaning problems 


TO PANGBORN.” 


HAGERSTOWN, MARYLAND 
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with strips of lead welded to the 
lead lining on either side. Vertj- 
cal strips are usually about 24 
to 30 in. 
high walls, say 10 ft. or mor 


apart, and tanks th 


also have horizontal supports 
Another 


sometimes employed is lead riv- 


method of support 


ets. These may be welded to thy 
back of the lead lining, extend 
through holes in the shell and 
be riveted on the outside, or may 
be lead rivets extending through 
holes in both lining and _ shell 
In the latter case the rivet head 
on the inside is welded all around 
to the lead lining. 

The strap method of support 
is invariably used for lining the 
tops of closed equipment. Both 
for support and protection 


against abrasion, brick linings 
are often used inside lead linings, 
particularly where high tempera 
tures are involved. 

When heat transfer is impor- 
tant, lead linings may be bonded 
to the supporting shell and this 
is always done when equipme! 
operates under a vacuum 
where greatest strength is neces 
sary. If temperatures are ne 
high, tin or solder may be used 
to bond the lead to the steel, bul 
there are also processes employ 
ing a non-metallic flux, whiel 
form a bond that can hold its 
strength up to about the melting 
point of lead. 

Pipe Horizontal runs 
lead or lead alloy pipe are gen 
erally continuously supported in 
steel or wooden troughs, or in 
specially constructed sheet meta! 
Vertical 


ported at frequent interva's, sa) 


shells. runs are s 


every 18 in. Long runs are p! 


vided with expansion bends 1! 
they operate at high temp 
tures. When greatest stre 
is essential, lead-lined steel pip 


may be used. The inside ot 
steel pipe is coated with a b 
ing agent such as soldet 
extruded lead pipe inserted 
lead is expanded under s! 
pressure against the wat 
steel and is thus “sweated 


the steel pipe. Cont. on p 











Built for a munitions plant, this B & G Quench Tank és a striking example of 
ingenious designing. Heated gun barrels are rolled from a conveyor belt into the 


tank, cool through a timed period and are 


ben a@btomaticaily lifted out 


anotber conveyor bell by motor-operated steei fingers The timis Rk device Can Oe 


adjusted to provide the proper « mg period jor various sizes Of Run barre 
> < / Uniform temperature throughout the tank 1s maintained by forced circu 
. , , ‘ 
4 ww oO of the oil through a distribution header 


IMMERSES ...COOLS... LIFTS OUT 


QUENCH TANK FOR GUN BARRELS ACCURATELY TIMES COOLING PERIOD... 
SAVES LABOR AND SPEEDS PRODUCTION BY COMPLETELY AUTOMATIC OPERATION 


B & G engineering to meet a specialized quenching 
problem is typified by the above unusual-looking 
quench tank. Obviously, its automatic operation 
saves labor and eliminates the errors of manual 
control which ordinarily cause numerous rejects 


Quench tank design is an important factor in 
obtaining proper cooling at minimum operating 
expense. Correct sizing and shaping frequently re- 
sult in lower auxiliary equipment costs and con 
tribute to the over-all control necessary to unvary 
ing quality in the finished product. 





Complete engineering service B & G Quench Tanks are made in standard shapes 
B& G offers this service to give or can be designed to your specific requirements. 
it engineers time for other : ’ » i 
sanlaet paeteniionaanbionn When installed with a B & G Rapid Oil Cooler and 
We survey your requirements Oil Strainer, you have a completely integrated sys 
i turnish properly designed tem you can depend upon for satisfactory results. 

i sized equipment for all : 
aching and oil-cooling Tell us about your quenching problems. W ithout 

ations. Prompt service at 
mes—leadies moennfec obligation, we'll be glad to offer our engineering 
rs the country over are counsel and recommendations. 


1 advantage of this offer 


BsG az uencu TANKs 


HEAT TREATING EQUIPMENT BELL & GOSSETT CO. 
SINCE 1916 MORTON GROVE, ILLINOIS 





tnother type of BS G Quen lank / 


sMftomaticaily timed ol quenching 
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LEAD 


(Starts on page 223) 


Lead or lead alloy pipe may 
be joined by welding or by 
Lead 


flanges are usually backed by 


welded flanges and bolts. 


loose steel flanges. Flanged joints 
are generally used for lead-lined 


steel pipe. 


Heating or cooling coils, made 
of lead pipe, are important items 
in many pieces of chemical 
apparatus. Usually they are 
helical in shape but may take 
other forms. 
welded at intervals, generally not 
more than 18 in. apart, around 
the coil between the turns for 


Lead spacers are 


support. Where greater strength 
is needed, the coils may be made 
of copper tube completely cov- 
ered with lead. 








URALOY 


HIGH ALLOY CASTINGS 
... There's None Better 





















We take pride in our work. 
Our twenty years of service 
to industry in connection 
with chrome-iron and 
chrome-nickel castings are 
something to look back 
upon . . and to build upon 
for the future. We make 
the best high alloy castings 
it is possible to make. 


Bring your casting problem 
to us. Let our experienced 
metallurgists and skilled 
foundrymen produce the 
castings you need for that 
high temperature, corrosive 
or abrasive condition. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4Ist St., New York, N. Y. 


Detroit 
The Duraloy Co. 
of Detroit 


Scranton, Pa. 
Coffin & Smith 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 


to 


-DU-2 
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Commercial Products he 
list below shows stock or stand- 
ard manufactured items for use 
in industry or generally available 
at short notice in various parts 
of the United States: 


Angles 

Anodes 

Bars 

Bends 

Electrodes 

Evaporators (cast lead) 

Exhaust fans (cast regulus 
metal) 

Filters 

Gaskets (cast, stamped or 
asbestos filled) 

Grids, filter 

Laboratory equipment, 
dishes, bottles, fume 
ducts, etc. 
Perforated sheets 
Pipe and fittings (lead, 

lead-lined steel, steel re- 
inforced) 

Pumps, rotary and 


centrifugal 
Rings 
Sheets 


Spacer blocks 

Spray nozzles 

Traps 

Valves, compression, gate, 

diaphragm, check 

Washers 

Wedges 

Wire 

Thickness of sheet lead lin- 

ings depends largely on the 
degree of corrosive attack. Rarely 
is sheet lead lighter than 8 Ib 
thick) used in chemical! 
Frequently different 
thicknesses are used for different 


(4 in. 
equipment. 


parts of equipment, tank bottoms 
often being lined with heavie! 
lead than sides because of greate! 
wear. Abrasion may also be 4 
factor in determining the correc! 
thickness. 

Sheet lead is designated by 
its weight per square foot, 1 sq. 
of sheet lead weighing 1 Ib. fo! 
each ,; in. of thickness. This 
relationship holds true up ! 
16-Ib. sheet lead, which is 4, in 
thick. Sheet lead % in. thick ts 
designated as 30-lb. sheet and ! 
in. thick as 60-Ib. 

Thickness of lead pip 
depends on several factors 
including corrosive attack, ara 
sion and the pressure to be 

(Continued on page 268 











Sek yi 


REPORTS FROM LARGE AND SMA 


A-RAY LABORATORIES PROVE THA 
VITALIX DEVELOPER REPLENISHER 


“BEST BY TEST” 
UNDER ALL WORKING CONDITII 


War plants, both large and small, have 
discovered a new method for speeding the 
production of industrial radiographs 
Through the use of Vitalix Developer 
Replenisher, x-ray laboratories can now 
maintain processing schedules and secure 
uniform density in all x-ray films at the 


established developing time 


For Vitalix Developer Replenisher insures 
full strength solutions consistently. It re 
places the exhausted chemicals with new 
fresh, active ingredients, thus giving your 


tired’’ developer a new lease on life 


You too will want to speed up x-ray proc- 
essing procedure with this new Replen- 
isher. To insure prompt delivery, please 
place your order for Vitalix Developer 


Replenisher—Now. 


yr 
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PICKER X-RAY CORPORATION 


300 FOURTH AVE. +» NEW YORK, N. Y. 




















eter with »-In. Walls is com ind D is inside diamete) 
LEAD monly used with steam pressures inches 
up to 40 psi. The formula com To the wall thickness ft] 
Starts on page 223 monly used to calculate wall calculated must be added alk 
thickness Is inces for corrosion and abras 
, 287 If the pipe is not used un 
handled For instance if wall D pressure, then corrosion or ab 
thickness is calculated in the where P is constant working sion is the principal factor, 
usual manner to accommodate a pressure in psi., S is allowable the lightest weight of pipe g 
iven pressure, additional wall fiber stress taken as 200 psi. for erally selected under such con 
thickness is allowed to compen chemical lead at room tempera- tions is the class known as 
sate for loss through corrosion ture and falling to 80 psi. al 300 or “M’” weight in sizes up to 2 
r abrasion. Pipe 1‘ in. diam .. T is wall thickness in inches and 14-in. wall in larger siz 


Standard weights of lead pipe a 





designated by the actual insi 


LCT aa TBI |e wl thickness oF the weigh 
UTR ETE CM oe 
Carburizing Compounds echt Diane ink Ba 


burning” by E. B. Partington; pul 


diameter and by a letter showir 


lished by British Oxvgen Co. Ltd 


North Circular Road, Cricklewood 
N.W. 2, England. 
‘Lead-Lined Equipment” by |] 


Mantius and F. H. Freiherr; pul 
lished in Industrial and Engine: 
DEEP-CASE No. 13 and No. 40 Chemisty, Vo. 38 pase 8 
April, 1937. 

“Corrosion Resistance of Meta 
nd Alloys” by Robert J. McK 
and Robert Worthington; published 
by Reinhold Publishing Corp., Ne 
York, N. Y. 


“Corrosion Tests and Materials 





Speed of penetration and uniformity of depth are advantages long rec- 


ognized in the use of liquid bath carburizing. Now, through the recent Construction for Chemical Eng 


development of a new bath by Cyanamid’s research laboratories, the neering Apparatus” by W. ¢ 
formerly accepted case depth limit of 0.036” has been extended to 0.125”. Calcott. J. C. Whetzel and H. } 
A base bath (No. 13) to which an activator (No. 40) is added, provides Whittaker; published by Americ 
chemical stability, uniformity and quality of case. These features are 

Institute of Chemical Engineet 


synonymous with Cyanamid liquid carburizing compounds. 
; (D. Van Nostrand Co., New York 


A bath of the AEROCARB Deep-Case Carburizing Compounds “Research Information Surve 


possesses the following characteristics: co 
on Corrosion of Metals” bv Hat 


Temperature of operation—1700 F—1750 F. , 

Density of molten bath at 1700 F—136 Lbs. Cubic Feet. F. Whittaker; published by Natio 

Cyanide Decomposition—Approximately Vs of 1% per hour. 

Penetration— Unsurpassed by other methods. “Lead ‘Burning’ or Welding’ 

Hardness —Rockwell C-67 has been developed on SAE 1020 Steel. Robert L. Ziegfeld: Journal of 

Case Composition— Outer layer is hypereutectoid — over 75% of total case is 
over 0.040% carbon. 


Research Council, Washington, D. ¢ 


American Welding Society, Sept 
ber, 1932. 

“Useful Information About Lead 
Lead Industries Association, N 
yoru, N. ¥. 

“Lead”, November, 1938, art 
entitled, “Lead Riveting for Fast 
ing Chemical Tank Linings 

“Lead”, July, 1936, article entit! 


Cyanamid case hardening and carburizing compounds provide baths 
covering a case depth range from 0.001” to 0.150”. Investigate Cyanamid 
products for any problem involving case hardening and carburizing. 
The experience of a staff of technicians and the facilities of our labora- 


tories are at your disposal. 


AMERICAN CYANAMID 


& CHEMICAL CORPORATION ‘Cast Lead Evaporator for Titan! 


Sulphate Solution”; both publis! 
by Lead Industries Associatl 


; » 
\) 
a } A Unit of American Cyanamid Company 


30 ROCKEFELLER PLAZA - NEW YORK, N.Y. 
+ Reg. U. S. Pat. Ort New York, N. Y. 
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FLINN & DREFFEIN FURNACES provide 


Uninterrupted War Production! 


When you read, in newspaper reports of the raids over the enemy's 
manufacturing centers, of the thousands of bombs dropped in a single 
raid you realize the vital need of a steady flow of these munitions to 
the centers of war activity. That calls for uninterrupted production 

. and heat treating furnaces are one of the important factors in 


such production. 


Flinn & Dreffein, with its experience in this war, as well as in World 
War L, have available a wealth of data and engineering experience 
in the heat treating of all types of armament... experience which 


is at your call. 


We are building furnaces today for just about every heat treating 
problem . .. as well as converting many standard existing installa- 
tions to war production. Whatever your heat treating problem may 
be... Flinn & Dreffein offer a complete service . . . design, engineer- 
ing and construction. Get in touch with us today. 


Associated Company 


WEAN ENGINEERING 


COMPANY, INC. 
WARREN, OHIO 
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WARNING! 














Because of delivery delays... and be- 
cause special plates don’t always come 
through as quickly as needed 


ORDER 
““SERVITE’’ 


Pressed Steel Pots 
for 
Lead, Salt, Cyanide, Oil Tempering. Metal Melting 


NOW 


It would be wise to anticipate your re- 
quirements for from 90 to 120 days 
to insure your having an adequate sup- 
ply of “Servite’’, the Pressed Steel Pots 
that give more and better service. 
Notify us of your needs TODAY 


REMEMBER-ANTICIPATE NEEDS 


Pyrometer Lead Wire 


The stock room of the Claud S. Gordon 
Company is adequately supplied with 
lead wire for all makes of Pyrometers. 
Coils, inspected and tagged are ready 
for shipment on short notice. 


WRITE, WIRE or PHONE 


Pyrometer Lead Wire. Your orders are given 


your requirements for 


immediate action. 





CLAUD S. GORDON CO. 


Established 1914 


CHICAGO, ILLINOIS 
3000 South Wallace St. 

Telephone: Victory 6525 
INDIANAPOLIS. IND 
Suite 211-31 E. Georgia St 
Telephone: Lincoln 8848 


CLEVELAND, OHIO 
1988 E. 66th St. 
Telephone: Henderson 5540 
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PEENED SURFACES 


From page 215 in the usual man 
after which it was split longitudinally with a say 
The two parts curved, convex on the outer faces 
indicating compressive stresses in these carbu- 
rized faces. Analysis of the internal stresses in 
another carburized member by the method already 
described indicated the internal stress pattern 
shown in Fig. 11. Of interest here is the magni- 
tude of the compressive stress in the carburized 
layer and the reduced stress (possibly even ten- 
sion) in an extremely thin surface layer. 

When carburized parts such as bearing races 
wrist pins and gear teeth are ground we may 
expect the surface to be stressed in tension, as is 
indicated by the dotted line in Fig. 11. 

The residual compressive stress in the carbu- 
rized layer may be a hazard for members stressed 
in tension, because the tension stress in the core 
is equal to the working stress plus the tension 
stress due to the compressive pre-load of the case 
For members stressed in bending and in torsion 
the internal compressive stress in the carburized 
case improves the fatigue strength of the part, 
except for the thin surface layer which, especially 
after grinding, is severely stressed in tension. It 
is, however, a simple matter to convert this thin 
tension stressed layer into stress in compression 
by a suitable peening or rolling operation. 

With internal stresses of the magnitude 
shown in Fig. 11 we can readily understand why 
carburized parts are prone to warp during heat 
treatment, especially if the design is not symmetri- 











cal with respect to the internal stresses. S 
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ing. Tension stresses added at very surfa 
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‘Battle Stations! 


We Americans give thanks, for never hav- 

ing heard the crash of ack-ack fire driving 

air raiders away from our cities and homes! 

Thankful, that the long reaches of ocean 
water gave us time and protection to make the long bar- 
relled guns which are driving Nazi and Jap raiders away 
from our far flung battle stations! 


Thankful, that American industry manned its battle stations 
and produced far beyond the comprehension of our enemies! 


We, at Lee Wilson Engineering Co. are thankful that our 
own battle stations were manned by people whose faith- 
fulness and ingenuity created the first continuous gun 
barrel heat treating plant for guns up to 90 MM in size! 


LEE WILSON ENGINEERING Co., Inc. 


20005 West Lake Road Cleveland, Ohio 
Telephone ACademy 4670 









Sketched from life in one of the 
“BATTLE STATIONS” 
of the 
LEE WILSON ENGINEERING Co., Inc. 




















They must have 


DRY hydrogen 





LECTRODRYER 
does the DRYing 


Iivdrogen feeds from the eylinders into a 
manifold, then through the Activated Alumina 
with which this Leetrodryer is charged. This 
dries the gas DRY. Thus thes head off cor- 
rosion by moisture of the moly bdenum heating 
elements in their sintering furnaces. 
Lectrodryers are experienced hands at dry- 
ing hydrogen, carbon dioxide, nitrogen, and 
other controlled-atmosphere gases. They do 
their work efficiently and with very little 
attention, If you have a drying job, write 
for Bulletin BD or tell us your problem. 
PITTSBURGH LECTRODRYER CORPORATION, 


317 32nd Street, Pittsburgh, Pennsylvania. 


LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 


LECTRODRYER 


¥ 

















FRENCH, & PRESIDENT 


Continued from page 217) Ina recent reorganiz 
tion by Hiland G. Batcheller, the new director o| 
WPB’s Steel Division, French finds himself 
chief of the Metallurgical and Technical Branch in 
the Raw Materials and Facilities Subdivision. 

Herbert French’s ability to sail on an even 
keel, no matter what the storm, has already been 
mentioned as his prime characteristic. One friend 
recalls that when he, a very young man, journeyed 
to the Bureau of Mines to get some information 
on a knotty problem, he approached the sanctum 
with much trepidation, only to be put at his ease 
at once by a gracious, pleasant and helpful gentle- 
man. Indeed a chief characteristic noted by 
French's associates is that he was always genuinely 
interested in the welfare of “his boys”. His per- 
sonality was such that his subordinates both 
admired and liked him. Although he never hesi- 
tated to dress them down for an error, he was sin- 
cere in his praise of work well done. Differences 
of opinion with his men, usually on test methods 
or interpretation of technical data, sometimes led 
to vigorous arguments, but as soon as the storm 
was over the sun would shine again. His men 
liked the free and easy way in which they could 
argue and fight with him, secure in the knowledge 
that he would keep his temper and “take it” as 
well as “dish it out”. He always backed up his 
subordinates, with the result that they would and 
did work their heads off for him. There wasn't 
any of the stagnation that besets the average Gov 
ernment worker in French’s section at the Bureau 
of Standards. 

As to his foibles and hobbies, chief is fishing 
The big bass, mounted on a plaque in French's 
office, testifies that he successfully engages in other 
than purely metallurgical pursuits, though he gets 
a much bigger kick when his son catches the big 
one than when he does himself. A minor foible 
is gorging on chocolate cake rather a notab 
gastronomic achievement! 

Finally may be quoted two paragraphs of an 
appreciative letter by a fellow metallurgist: 


“T have served with him, under him, and I t 


have been chairman of committees on which lh 


served. He's a good committee-man always. 5 
often, | have seen him sit back, and wait and lists 
and then a tall, spare form would arise, and 
would see the results of orderly, quiet appraisa! 
of the important features, and always a_ reco! 
mendation. 

“Progressive, fair, honest, firm, a_ likal 


pleasant adversary at times, a clear thinker 


sharer of knowledge, a seeker for truth the 
go with H. J. French.” 3 
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GET THE MOST OUT OF YOUR HAMMERS 


ROP FORGINGS are more essential today than ever 
before. Millions of forgings per year are needed for 

the aircraft program alone. Production of hammers at 
Chambersburg is at an all time high... Yet more are needed. 
Older hammers must therefore do more than ever... must 
last longer. There are many ways to get more out of your 
hammers... perhaps you can get some new ideas out of our 
Model “E” Steam Drop Hammer Maintenance Book ...Write 
for a copy...even if your hammers are not Chambersburgs. 


CHAMBERSBURG ENGINEERING CO., CHAMBERSBURG, PA. 


Chambersburg 
35,000 Ib. ~ ~ 
Model “E” CHAMBERSBURG 


Steam Drop 


Hammer 


HAMMERS - CECOSTAMPS PRESSES 





February. 1913: Page 273 





been able to adapt their opera- 


tions to war work. 


SILVER Those remaining as 


essential users were small busi- 


nesses where light 
Before and hand = labor 


large part of the work. 


(Starts on page 250) 
Non-War Industry 
discussing the situation which 
confronted non-essential users of 
silver, it would seem proper to vert to the 
explain briefly how they came to needed products. 
remain in that category, for large 
more often their type of 


manufacturers of sterling and 


plated silverware had generally ment was unsuitable or 


hnon- 


machinery 
performed 
Such 
businesses were difficult to con- 
manufacture 
Sometimes 
their very smallness interfered; 
equip- 

their 





METALLURGICAL PRODUCTS ANALYZED 
SPEEDILY AND ACCURATELY 


Slomin High Speed Electrolytic Analyzers 


The rapid acceptance of this instru- in a welded steel case finished in acid 
analysis is resistant baked white enamel. The 
brushless motor is vapor tight and is 


ment for metallurgical 
outstanding endorsement of its proven 
ability and consistent reliability. Over therefore unaffected by corrosive fumes. 
700 Slomin Analyzers are now in use in Both models have an _ electrically 
metallurgical laboratories. heated, rheostat controlled beaker plat- 
Electrode design, current efficiency form for adjusting solution tempera- 
tures, and voltmeters and ammeters so 
that detailed studies can be made. 
Each position of the two place ana- 
lyzer isa complete circuit that operates 
ind ependently ot the other. c onse- 
quently this unit can be used for the 


and improved procedures reduce deposi- 
tion time formerly required by other 
systems as much as 25 to 40%. Under 
these hich speed conditions hard, smooth, 
bright and closely grained deposits that 
firmly adhere to the electrodes are pro- 
determination of two 


duced, thus assuring good reproducibil- simultaneous 


ity of results. Users report an accuracy 
of 0.01 to 0.04% for routine deter- acteristics. 
minations. A laboratory manual of high speed 
electrolytic methods of analysis written 
by G. W. Slomin is sup- 
plied with each analyzer. 
Individual copies are 
available at $1.50 each. 
@ S$-29460 Slomin Electro- 
lytic Analyzer. One position. 
5 Ampere Model, with Heat- 
ing Plate. For operation from 
115 wolt, 60 ecvele circuits. 
Each $155.90 
@ S$-29462 Ditto. But for 
operation from 230 volts, 60 
cycle circuits. Each $160.00 
@ S-29465 Slomin Electro- 
lytic Analyzer. Two posi- 
tions. 5 Ampere Model with 
Heating Plate For operation 
from 115 volt, 60 cycle cir 
cuits. Each $275.00 
@ $-29467 Ditto. But for 
operation from 230 volts, 60 
cycle circuits. Each $285.00 
HIGH SPEED 
ELECTRODES FOR USE 
WITH SLOMIN ELEC- 
TROLYTIC ANALYZERS 
@ S$-29632 Corrugated 
Piatinum Anode (Patent 
pending). Price subject to 
market 
@ S-29672 Corrugated 
Platinum Cathode (Par- 
ent pending). Price sub 
ject to market 
Literature on Request 


E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, IIl. 
1959 E. Jefferson, Detroit, Mich. 


samples having widely divergent char- 


Each model is portable and enclosed 
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hand labor unusable; and fr 
quently the profits were insu 
ficient to keep a business fro; 
losing money without being su; 
plemented by profits from carry 
ing on at least some of its 
customary non-essential work. 
To these difficulties wer 
occasionally added the 
obstacles of unwillingness to con 


human 


vert or failure to recognize the 
necessity of making the attempt 

As previously described, the 
non-essential users of silver had 
been suffering from inability to 
obtain sufficient foreign metal 
since the early part of the year, 
and caused 
them to attempt to obtain sup 


plies from the only other avail 


self-preservation 


able sources namely, domestic 
production and Treasury stocks 
The established price of 71.11, 
per oz, was something of a deter- 
rent, but a greater one was the 
habit which silver producers 
have of delivering domestic silver 
to the U.S. 


In fact, producers wert 


Mints as soon as 
refined. 
not permitted to sell domestic 
silver in any form until an order 
Sept. 38 by th 


Administration 


was issued on 
Office of Price 

Following this authorization 
sizable purchases were made ol! 
domestic silver in fact, the 
pent-up demand was so great as 
to necessitate immediate ration 
ing of the available supply a 
situation that quickly corrected 
itself because manufacturers ol! 
silverware that th 
O.P.A. was unwilling to grant an 
increase in the price ceiling fo! 
finished articles, so the highe: 


discovered 


raw material cost had to lb 
absorbed by the manufacturers 
Early in September, the 51! 
ver Users’ Emergency Committe: 
was formed by the photo-engra\ 
ers, fountain pen and pen 
makers, and silverware and jew 
elry manufacturers, and_ ins! 
tuted an aggressive campaign 
acquaint Congress and the pub! 
with the situation. The bas 
argument was as follows: Dom: 
tic silver, costing 71.11¢ inste 
of 45¢ per oz., was not a satisfa 


(Continued on page 288) 








BORON ALLOYS 


for greater hardenability in 
low-alloy and engineering steels 











“SILVAZ” 3 ALLOY “SILCAZ” 3 ALLOY ‘alee 
BORON ........ 0.5% BORON........ 0.5% BORON . . 15-20% 
SILICON ..... 35-40% SILICON 35-40% SILICON .. 3.00% max 
ALUMINUM ...... 6% ALUMINUM ...... 7% ALUMINUM 1.00% max 
TITANIUM ..... 10.0% TITANIUM ..... 10.0% CARBON . 0.50% ap- 
ZIRCONIUM ...... 6% ZIRCONIUM ...... 4% = 
VANADIUM ..... 10% CALCIUM ....... 10% 














MALL AMOUNTS of Boron (0.001% to 0.003%) 
S added to low-alloy and engineering steels 
produce an increase in hardenability comparable 
to that produced by much larger additions of the 
other common alloying elements. Like them, it low- 
ers the rate of cooling necessary to harden a steel 
and widens the zone that cools rapidly enough 
to harden. 

The procedure for making alloy steel must be 
followed to insure good results from the use of 
Boron. Boron is readily oxidized and must be 
added only to a completely deoxidized steel bath, 
or the Boron must be protected by strong deoxi- 
dizers until it is dissolved. Because of the ex- 
tremely small amounts added (less than an ounce 
per ton), a diluted form is highly desirable to in- 
sure uniform results. 

When Boron is added as ‘Silvaz’’ 3 alloy or 
“Silcaz"’ 3 alloy, the other elements protect the 
Boron from oxidation and also have their own 


effect on the steel. The Boron is sufficiently dilute 
to insure even distribution. 

These Boron-bearing alloys are available in 
commercial quantities for immediate shipment; 
however, ‘‘Silvaz'' 3 alloy is restricted to use in 


war production. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [TT New York, N. Y. 


Electromet 


Ferro-Alloys & Metals 


Distributed through offices of Electro Metallurgical Sales Cor 
poration in Birmingham, Chicago, Cleveland, Detroit, New York 
Pittsburgh, and San Francisco. In Canada: Electro Metallurgical 
Company of Canada, Limited, Welland, Ontario 





POR VICTORY 








Electromet,"’ ‘‘Silcaz,"’ and ‘‘Silvaz"’ are trade-marks of Electro Metallur 
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X-Ray Crystal Analysis 
Apparatus 
New X-ray 
apparatus, introduced by Philips 
Metalix Corp., 419 Fourth Ave., 


New York City, is said to be a 


crystal analysis 


practical production tool for fast, 


precise, angular measurements of 





@ 


quartz, for oscillators, with a 


wide choice of analysis methods 
depending upon the character of 
the quartz piece to be measured. 
Tests can be made in a fraction 
of the time previously required, 
it is reported, and with relatively 
unskilled personnel. 


Stud Welding Process 
Stud 


designed especially for construc- 


welding equipment 
tion of ship decks is said to meet 
the requirements of many other 
uses calling for the end-welding 
of steel sections to metal sur- 
faces, according to Hollup Corp., 
Division of National Cylinder 
Gas Co., Chicago, and at substan- 
tial savings of both time and 
material. The gun is simple to 
use and eliminates personal judg- 
ment because all operations are 
With 


fully automatic. very 





little practice the ordinary work- 


man can consistently produce 150 
perfect welded studs per hour. 
The method combines are weld- 
ing with impact or forge welding 
Duration of the are is automati- 
cally controlled by an_ electric 
timer in the control cabinet. At 
the exact instant the molten 
crater has been formed the gun 
plunges the stud into place in the 
molten metal and holds it in pre- 
cise position. 

Operator simply cocks the 
gun, places it in position and 
presses the pistol grip trigger 
The entire cycle is then com- 
pleted automatically giving joints 
so strong that the stud will break 
through the body before it will 
break at the weld. 


Manganese Alloy 
New manganese base alloy 
physical 


with several unique 


properties is now being intro- 
duced as Chace Manganese Alloy 
No. 772, by W. M. Chace Co., 
Detroit, offering the possibility of 
improved design and perform- 
ance of instruments and indus- 
Its composition is 
of the 


other 


trial controls. 
unique in that over 70° 
alloy is manganese. In 
commercial manganese alloys the 
only as 


manganese is present 
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minor alloy addition. This hig! | 


manganese content andthe 


resulting distinctive physical 
properties result from the use of 
electrolytic manganese of a 
purity higher than 99.9° 

Useful characteristics claimed 
include (a) a high electrical] 
resistivity, (b) a high thermal 
expansion rate, (c) a high vibra- 
tion damping constant, and (d 
a low thermal conductivity com- 
bined with 


/) high tensile strength. Alloy is 


e) good ductility and 


readily fabricated by the usual : 

rolling, drawing and machining Ne 

operations, and is available in 

form of sheet, strip and rod. 

Cabinet for Sub-Zero Tests 4 
Kold-Hold Mfg. Co. of Lan- a 


sing, Mich., offers new “Hi-Low” 
machine in three temperature 
ranges for testing of aircraf! 


instruments, batteries, wire, met- 





als and various devices. Machi 
provides conditions required { 
testing under certain stringe! 
aircraft inspection specificatio! 
Temperature ranges are fro 

60° F. to +170° F.; from —* 
F. to +170° F.; 
to +170° F. 


(See also page 986) 


and from —90 





tina" 
““" BATTLE FRONTS 


4 


ye: 


INDUSTRIAL U.S.A. 


Tomo? 


TENUAL ALUMINUM CASTINGS are proving their worth on 


far-flung battle fronts in planes... tanks... ships. And our cast- 


ings will “come through” under all conditions because of our 
ability to meet the most rigid specifications of the armed service 
with speed and quantity production. This will be your guarantee 
of receiving quality sand and permanent mold aluminum cast- 


ings when our shipping tags Can again read: Destination U.S.A. 


Illustration shows coreful water pressure testing 
of an important aircraft aluminum casting 


FOP.VICTORY | 
oa BUY | 
oy | 


WAR 


ALUMINUM 








MORK NEW 
Electronic Spot Welding Control 

New electronic half eyvcle, syn- 
control for 


chronous precise 


operation of resistance-welding 
machines has been announced by 
the General Electric Co., Schenec- 
tadv, N. Y¥ 


on a new 


This control is based 


tube, a new circuit 


KOUIPMENT 


Which makes higher-speed weld- 
ing possible, and a simplified ini- 
tiating circuit all of which 
improve performance and reduce 
maintenance. The new design 
also controls heat by the phase- 
shift method, adjusted by a dial 


mounted on front of the cabinet 








Fuse-Bond Process 
Metallizing Engineering | 

City, N 

“Fuse-Bond 


process and equipment, where} 


Inc., Long Island 


announces new 
machine components may be | 

pared for metallizing electrical|y 
Main advantage is said to be that 
it affords an adequate bond on 


the hardest surfaces, heretofor 
impossible or impractical to pre 
pare by blasting or rough thread- 
ing. It also simplifies the 
preparation of narrow edges, flat 
areas, and cylindrical parts hay- 
ing keyways or other interrup 
tions in their surfaces. Operating 
220-volt, 


phase power line, this equipment 


on any 110° or singl 
fuses a rough deposit of electrod 
metal into the surface to be meta 
lized. A special holder uses up t 
six electrodes at a time, depend 
ing on the size and nature of th 


surface to be prepared. 


Anodizing Rack Life Prolonged 
Recent 
ment in the field of insulation is 


engineering develop 
said to have multiplied anodizing 


rack life, reduced rejects to a 


minimum and reduced = current 


consumption to just what the 
work requires, according to Ne! 
son J. Quinn Co., Toledo, O. The 
new insulant Bunatol has greate: 
with the 


flexibility in keeping 


rack, and therefore does not 
brittle, 


Because this flexi 


become crack or pe e| 
when flexed. 
bility 


the insulation, it retains its effi 


is retained for the life of 


ciency and provides maximum 
protection for the rack until th 


contacts are entirely eaten away 


New Line of Metal Washing 
Machines 

American Foundry Equipm 
Co., Mishawaka, has added a div! 


sion for designing and manutat 





The Army-Navy flag, 
TY awarded “for high 
achievement in the 
production of mate- 
rials of war’’, proudly 
flies at The C. M. 
Kemp Mfg. Co. 


turing metal washing machines 





for industrial purposes. The new 


division will design and bu 


machines for removing ch 





dirt, grease and oil from machin 
parts, stampings and other ma 


| == 





factured products. 
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Stepless 


Wheelco Proportioning Controllers provide the solution for 
those especially difficult problems of temperature control. 
They are completely self-contained, and require no com- 
plicated mechanical or electrical balancing mechanisms to 
effect control action. 


The Wheelco Proportioning Control System continuously 
varies the heat input in proportion to the heat demand. A 
proportioning band—usually less than 2% of the scale 
length—is established at any temperature control point se- 
lected. Until the indicator pointer enters the proportioning 
band, 100% electrical input is maintained to the furnace. 
Within the band, the input is throttled—in proportion to the 
distance between indicator pointer and temperature setting 
index—by varying the ratio of ON time to OFF time, which 
is continuously and steplessly variable. Proportioning Control 
can be incorporated in any Wheelco “Electronic Principle” 
Temperature Controller. Write for free literature. 


WHEELCO 
PROPORTIONING 
CONTROL” 


% Proportions Heat Input to Heat Demand 
*% Controls Temperature 


*% Indicates Temperature 














Wheeles Insthuments Co. 





THROTTLING CONTROL for ELECTRIC 


FURNACES 


Se CAPAciYROL me 








835 W. HARRISON STREET... CHICAGO, ILLINOIS 
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Originator of "Electronic Principle” Temperature Controls 
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Inquiries are received almost daily from manufacturers 
asking if they can use ABSCO Meehanite in place of certain 
forgings or other cast materials containing critical alloys 
which are becoming more and more difficult to obtain. In 
many cases the answer is “YES!” 

If you are faced with such a problem, regardless of 
what material you have been using, ABSCO Meehanite 
Castings may be the solution. Many manufacturers have 
found ABSCO Meehanite a permanent improvement over 
former materials used. 

There are 21 types of ABSCO Meehanite Castings, pro- 
viding an extensive range of physical properties which 
bridge the gap between steel and cast iron and meet a 
wide variety of other industrial service requirements. 


» 


Threugh our Selective Precessing, a type of ABSCO Masmanim 


s ovailable te meet fhese and ther requirements 


© Strength, toughness and high damping capacity. 

© Ability to stand shock or strain. 

© Free machining qualities. 

©) Density and solidity for pressure castings. 

© Heat and corrosion resistance. 

© Freedom from warpage that means constant alignment, 


© May be heat-treated for higher tensile strengths and 
increased resistance to wear. 


Regardless of what material you are now using, ABSCO 
Meehanite Castings may present qualities and advantages 
that will enable you to improve your product. You will be 
under no obligation by finding out! Write for hand book. 
3180 


THE AMERICAN BRAKE SHOE 
AND FOUNDRY COMPANY 


BRAKE SHOE AND CASTINGS DIVISION 
OFFICES 

7230 Perk Avenwe, New York, WN. Y. 

332 Seuth Michigen Ave., Chicage, Ii. 


FOUNDRY 
MAH WAH 
NEW JERSEY 




















SILVER SHORTAGES 
(Starts on page 250) 

tory substitute for foreign silver, partly because 
there would not be enough, and partly because the 
Office of Price Administration had not raised the 
ceiling price for finished articles made of domesti 
silver. Therefore, to avoid any silver shortage in 
the war effort and to prevent the extinction of 
many silver-using businesses, Treasury silvey 
should be made available for both essential and 
non-essential purposes. While no non-essentia| 
business should complain of being deprived of 
materials which were actually searce, such a sear- 
city did not exist in the case of silver because of 
the hoard of unused metal held by the Treasury 
Department. 

Senator Green of Rhode Island introduced 4 
bill on behalf of the industry, making it legal for 
the Treasury not only to lend for non-consumptive 
purposes the silver pledged as backing for out- 
standing silver certificates, but also to sell for con 
sumptive purposes the free or unpledged silver. 

The Green bill brought forth immediate oppo- 
sition from the silver bloc. The feeling persisted 
among “silver senators” generally that the release 
to industry of silver acquired for monetary pur- 
poses should not be permitted, except as a defi- 
nite war measure, because such action tended to 
weaken the monetary position of silver and might 
lead to reversing this country’s silver program 

In hearings on the Green bill testimony was 
presented included W.P.B. 
greatly expanded war uses and essential civilian 


which estimates ol 
uses for silver in 1943 and thereafter; a conse- 
quent very proper desire on the part of the Wa 
Production Board, and the Navy as well, to safe- 
guard all silver supplies irrespective of source; and 
the statement from industry that 30 million oz. pei 
vear from Treasury stocks would be all that non- 
essential users of silver would expect. 

However, all bills concerning this matte 
failed of enactment before adjournment of the 
77th Congress at the year’s end. 

The failure of the Green bill to become law 
made little actual difference to the non-essential! 
users of silver, as the bill in its final form would 
probably have brought them no relief. They were 
therefore compelled to confine their buying to 
domestic silver, of which the supplies at the yea! 
end were insufficient for their needs. Meanwhil 
foreign silver, which would have made a welcome 
supplement, was debarred from non-essential us 
by a W.P.B. order, and all amounts of curren 
production in excess of priority orders were being 
by the Metals Reserve Corp 
expectation of an enlarged war demand. 3 


accumulated 
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AMERICAN HOT DIP 
Galvanizers Association 


STRATEGICALLY LOCATED WITH REFERENCE TO STEEL 








EY City 


S 


a 


GALVANIZED 


a JER 


PROTECTED BY GENUINE 


HOT: OP 


GALVANIZING 


ST LOU!> 





WHEREVER THERE'S A NEED... THERE’S A MEMBER 


Rigidly adhering to the highest standards of quality at reason- work quickly and a genuine Hot Dip Job every time . . . Why 
al prices, maintaining the most modern and completely gamble —-deal with a known quality —send your materials to any 
equipped shops, employing expertly trained personnel, enjoy- one of our very conveniently located members. WE ARE 
ng the constant help of an efficient research department, this ORGANIZED FOR HIGH SPEED, EFFICIENT PRODUCTION 
association represents the pioneering, stabilizing anchor of the American Not Dip Galvanizers Association, In First National 
jalvanizing world It is your guarantee of getting good Bank Bidg., Pittsburgh, Pennsylvania 


me Galvanizing, Inc., Milwaukee, Wis. * Acme Steel & Malleable Iron Works, Buffalo,N.Y. * American Tinning 


IF IT CARRIES THIS SEAL IT’S A JOB WELL DONE 























vanizing Co., Erie, Pa. ® Atlantic Stamping Co., Rochester, N.Y. ® Atlantic Steel Co., Atlanta, Ga. ® 

Salvanizing & Tinning Works, Inc., Buffalo, N.Y. * Columbian Steel Tank Co., Kansas City, Mo. ® m 
Metals Treating, Inc., Toledo, Ohio ® Diamond Expansion Bolt C Inc., Garw i, NJ * Ems 

k & Equipment Co., Los Angeles, Cal. % Equipment Steel Products Division of Union Asbestos and Rubber 

Island, Ill. ® The Fanner Mig. Co., Cleveland, O. John Finn Metal Works, San Francisco, Cal. ® Galvan 
rtland, Oregon ® Thomas Gregory Galvanizing Works, Maspeth, N.Y. ® Hanlon-Gregory Galvanizing C 

1, Pa. & James Hill Mig. Co., Providence, R.I. ® Hubbard & C Oakland, Cal. & Independent Galvaniz 


pany, Newark, N.J. & International-Stacey Corp., Columbus, O. ® Isaacson Iron Works, Seattle, Wash. ® 
~ ' 


yt California, Los Angeles, Cal. ® Joslyn Mig. & Supply Co., Chicago, Ill. # L. O. Koven & Brother, Inc 











, N. J. & The Thomas Laughlin Co., Portland,Maine & Lehigh Structural Stee »., Allentown, Pa. ® Lewis 
Nut Co., Minneapolis, Minn. ® Los Angeles Galvanizing Co., Huntington Park, Cal. ® Missouri Rolling 
St. Louis, Mo. # The National Telephone Supply C Cleveland ® Oliver Iron & Steel Corporati 
zh, Pa. w& Penn Galvanizing Co., Philadelphia, Pa. #® Riverside Foundry & Galvanizing Kalamaz 

® San Francisco Galvanizing Works, San Francisco, Cal ® The Sanitary Tinning C ‘lievela 
thern Galvanizing Company, Baltimore, Md. *® Standard Galvanizing C ob 30, Ill * wW x 
& Company, Inc., Middletown, Conn * The Witt Cornice Company, Cincinnati, ¢ 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





METAL WORKING e FABRI- 
CATION 


Cutting oils. Warren Refining & 
Chemical Co. Bulletin Kf-454. 
Photographs and tables on opera- 


Kennametal tools. MeKenna Met- tion of abrasive cutting machines. 
als Co. Bulletin Hf-238. Andrew C, Campbell Div., American 
“Cylindrical Superfinishing.” \n- Chain & Cable Co. Bulletin Nf-466. 
ternational Machine Tool Corp., Newly developed equipment in- 
Foster Div. Bulletin Hf-410, corporating use of surface coated 
: , : . abrasive belts for producing faster 
Forging presses. Ajax Mfg. Co. finishes is described in booklet is- 
Bulletin Ff-105. sued by Minnesota Mining & Mfg. Co. 
Horizontal extrusion presses. Bulletin Ag-470. 


livdropress, Inc. Bulletin Ff-394. 
36-page pictorial story of the Ceco- 


FERROUS METALS 


stamp. Chambersburg Engineering New process embodying both 
Co. Bulletin Ff-132. ' ae chemical and temperature controls 

Cutting Oils. Cities Service Oil Co. for production of low carbon open 
Bulletin Ec-113. hearth case carburizing steel is de- 


Cutting Oil Handbook, D. A. Stuart 
Oil Co. Bulletin Ke-118. 

Presses for Powder 
F. J. Stokes Machine 
Af-335. 

Properties and uses of cutting oils. 
Gulf Oil Corp. Bulletin Ef-360., 

Forty different ways to cut ma- 
chining costs. Continental Machines, 
Inc. Bulletin Ef-170. 

Mounted wheels, Handee and Hi- 
Power tools. Chicago Wheel & Mfg. 


Metallurgy. 
Co. Bulletin 


scribed in bulletin by W. J. Holliday 
& Co. Bulletin Bg-293. 

“100 Years of Peace and War” is 
title of attractive brochure celebrat- 
ing 100th birthday of Joseph T. Ryer- 
son & Son, Inc. Bulletin Bg-106. 

Enduro stainless steels. Republic 
Steel Corp. Bulletin Hf-8a. 

Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin Kd-85. 

Free Machining Steels. 
Steel Co. Bulletin Cd-255. 

Tool Steels. Bethlehem 


Monarch 


Steel Co. 


Co. Bulletin Kf-230. Bulletin Ce-76 
Savings in oils, tool bits, grinding ulletin Ce-76. ; ‘ 
wheels. Sparkler Mfg. Co. Bulletin Die Steels. Latrobe Electric Steel 


Kf-433. 

Convenient, pictorial chart shows 
abrasive cloth gadgets in a form that 
will guide users in the proper finish- 
ing operation. Behr-Manning Corp. 
Bulletin Nf-467. 

“Hyper-milling”’, a radical innova- 
Firth- 


tion in face-milling of steel. lybdenum 
Sterling Steel Co. Bulletin Lf-177. num Co, 


Abrasive belt polishing machines. 


Co. Bulletin Ld-208. 

Enameling iron sheets. 
Steel Co. Bulletin Ld-295. 

NAX high tensile low alloy steels. 
Great Lakes Steel Corp. Bulletin Kd- 
229. 

Loose-leaf reference book on mo- 
steels. Climax Molybde- 
Bulletin Hb-4. 
Four Coppco tool steels. 


Inland 


Copper- 



























Simplified method for calculati»g 
heat treatment of alloy steels. Peer 
A. Frasse & Co., Inc. Bulletin Cf-179. 

Nitralloy and the Nitriding Proc. 
ess. Nitralloy Corp. Bulletin Df-1) 9. 

Information for determining o\ 
all heat transfer rates. Internatio 
Nickel Co. Bulletin Kf-45. 

Wall Chart on spark testing too! 
steels. Carpenter Steel Co. Bulletin 
Kf-12. 

Aircraft steels, bearing steels. 
Rotary Electric Steel Co. Bulletin 
Kf-429. 

Steels. Boker & Co. Bulletin Kf-450. 

Cold drawn steels. Wyckoff Drawn 
Steel Co. Bulletin Kf-99. 

Steel Data Sheets. Wheelock, Love- 
joy & Co. Bulletin Ox-74. 

Saving of stainless steel through 
use of Pluramelt. Allegheny Ludlum 
Steel Corp. Bulletin Df-92. 

New 60-page data book on molyb- 
denum wrought steels has been is- 
sued by Molybdenum Corp. of Amer- 
ica. Bulletin Nf-312. 

Shop notes on the machining of 
stainless steels are presented in new 
24-page book by Rustless Iron & 
Steel Corp. Bulletin Nf-169. 


NON-FERROUS METALS 


Three new bronzes are described 
in new Ampco Metal, Inc. Bulletin 
Bg-175. 

6th edition of Revere Weights and 
Data Handbook includes new section 
giving technical and mill definitions 
and illustrations of terms used in 
copper and brass industry. Revere 
Copper and Brass, Inc. Bulletin Be- 
239. 

Silver alloy brazing. Handy & Har- 
man. Bulletin Hf-126. 

Bronze. Frontier 
Bulletin Kf-455. 

Copper Alloys. American Brass Co. 
Bulletin Kd-89. 


il 


Bronze Corp. 





Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 

Listed on Pages 294, 296, 298, 300, 302 











ie “A - : : 4 . Be and 304. 
Divine Brothers Co. Bulletin Kf-434. weld Steel Co. Bulletin Cf-311. 
Metal Progress 7301 Euclid Ave., Cleveland 
Send me the literature I have indicated below. 
BL, acti oe ara ete A eS ee aba @ wie eee ek wel NE sa Sb arnairet ei catses ack tag eile ead are a aan alas Bue ee 
SY .iddceenweatenekpi4westheeedanannbdssneneda ee ee ee eT TTT 
(Students—please write direct to manufacturers.) 
Check or circle the numbers referring to literature described on these 7 pages. 
Page 27 . Page 294 - —Page 296 — Page 298 —— 
Hf-238 Kf-454 Df-116 Lf-436 = Ne-86 Lf-60 Ff-213 Cf-22 Lf-203 Na-188 Nd-123 Df-360 
he ee Af-387  Bg-331—NNf-470 is 6s ia Ke-34 Gd-2 Ef-aes 
Ff-394 Bg-293 Kf-429 Kf-54 Ff-393 Ag-175 Bf-345 Kf-87 Lf-44 Ne-15 Be-82 Ef-386 
132 -106 f-450 -437 . es De-303 -458 f-! -4 - 187 
Ee-1i3 ae ’ Kt.99 as | «(Gee Ag-331 Af.198 Ka-2ns Litas _—— Bb-187 Kf-399 
“he ~ Kf-421  Ge-68 pa > rey Bf-5 Ke-260 
Ke-118 Kd-&5 Ox-74 " sew Bg-471 Ce-35 Ox-9% Lf-51 “ob — Kf-388 
Af-335 Cd-255 Df-92 De-307 = 1f-69 Bg-46 Cf-157 Ke-37 Lf-443 Bf-234 Hb-8! 
Ef-360 © Ce-76 Nf-312 Df-371 = Gf-248 Hb-180 = Nf-53 Ff-226 af-226 Cf-70 He-41 
Ef-170 Ld-208 Nf-169 s . Bg-110 Ne-330 = Nf-3 Ff-155 ref ‘ Ke-211 
‘ a _ 1f-415 Kf-425 Cf-368 Ag-259 * If-413 Df-60 . 
Kf-230 =Ld-295 = Bg-175 aeigae Bg-87 — naan 0-09 ahs Ag-310 
Kf-133 Kd-229 Bg-239 Gt- Lf-301 Df-377 Ac-466 Ce-302 Ne-114 cfr-24 Ag-: 
Nf-467 Hb-t—Hf-126 Ee-215 Af-331 FY-395 Lies? Nfs PE-321 Be-30 = Cf-367 —-Nf-14 
Lf-177—s-Cf-311 Kf-455 Nf-163 Ag-184 = If-401 Lf-67 Lf-55 Bf-183 Ce-219 = Ef-379 Nf-305 
Kf-434 Cf-172 Kd-89 Ff-10 Ag-168  Ff-320 Ke-135  Lf-461 Lb-25 Ff-11 Ef-319 Nf-141 
Page 300 Page 302 Page 504 
Kf-439  Ce-75 Hf-296 Kf-456 = F£-396 Kf-451 He-184 Kf-422 Lf-108 
Kf-444 — Te-88 Hf-68 Bf-352 Hf-131 ‘ . - . 
Kf-146 9 Ld-57) HIE 189 Ge-143  Bt-1g = BE-838 B-53 Kf-t23 | L-468 
Kf-447 —- Ef-218 Ne-329 Gf-236 Db-18 Ce-269 Bb-84 La-23 Lf-459 
Fe-310 Dr-100 Fr-193 41°96 -1! Bf-235 2 ~ URS 9408 
Kf-448 Nf-192 Ff-240 Kf pod Ka ~~ 4.90 Ec-208a Ge-152 Nf-468 
Nf-I81 Ag-469 Had-29 Nb-212 Bf-124 angeed Cf-370 = Ke-151.—s Nf-469 
Ag-448 «= Be-402)— KK f-453 Ef-381 = BI-357— BI -165 Ef-327  Ka-174 Ac-144 
Ag-123 = Lf-356 Df-376 Bg-195 Ga-9 Af-237 ete Banks Ag 
Ag-51 Lf-111 Ne-254 Bg-467 Hd-271  Bf-359 Ef-387 Lf-299 Ag-226 
wwe 
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Arcos is putting into the fight over 12 years 


leadership in research and production of stainless 
and alloy electrodes... assurance to industry and 
our men on every front that their equipment will 
have the edge in battle. 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





Aluminum alloys for aircraft. Rey- 
nolds Metals Co. Builetin Lf-436. 


Platinum Metal Catalysts. Baker & 


Co., Ine. Bulletin Af-337. 

“Machining Alcoa Aluminum Alu 
minum Co. of America. Bulletin 
Kf o4. 


Features and savings incorporated 
in die casting equipment of Lester- 
Phoenix, Ine. Bulletin Kf-437. 

Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 


cast cavities. Cerro de Pasco Cop- 
per Corp. Bulletin Kf-421. 
Aluminum Castings. National 


Bronze & Aluminum Foundry Co. 


Bulletin De-307. 

Handy, compact reference data on 
brass and bronze castings. Hammond 
Brass Works. Bulletin Df-371. 

Reference on properties of lead. 
St. Joseph Lead Co. Bulletin If-415. 

Catalog of brass, bronze and iron 


alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin Gf-67. 


Dowmetal data book. Dow Chemi- 
cal Co. Bulletin Ee-215. 


80-page Duronze Manual, well in- 


dexed for reference, presents data 
on high strength silicon bronzes. 
Bridgeport Brass Co. Bulletin Nf- 
163. 

WELDING 


Are Welding. Lincoln Electric Co. 


Bulletin Ff-10. 


Welding Stainless. Page Steel & 
Wire Div., American Chain & Cable 
Co., Inc. Bulletin Ne-86. 


Stud welding equipment designed 
for ship deck work but fully meeting 
requirements of many other uses call- 
ing for end-welding of steel sections 
to metal surfaces is described in new 
leaflet by Hollup Corp., division of 
National Cylinder Gas Co. Bulletin 
Bg-331. 

Chart explains how to select proper 
flux for every welding, brazing and 
soldering job. Krembs & Co. Bul- 
letin Ff-393. 





He hurnace oF today and ToMmortow 





*® Flexibility, rapidity and economy of operation are dis- 
tinguishing features of LECTROMELT furnaces. They are 
ruggedly built to give long and efficient service with mini- 
Top charge type LECTROMELTS in- 
crease steel production with less consumption of power, and 
with savings in refractory and electrode costs. 
charge and top charge LECTROMELTS are available in 


sizes ranging from 100 tons down to 25 pounds capacity. 


mum maintenance. 


Write for complete details. 


PITTSBURGH 


PITTSBURGH, PENNSYLVANIA 





LECTROMELT FURNACE CORPORATION 





TOP 


CHARGE 
TYPE 


< 





Both door 
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Llectrode 
time graph. 
Ld-191. 

Oxy-acetylene welding and cutting. 
Linde Air Products Co. Bulletin Ge. 
63. 

“Fight-waste” booklet. Air Reduc- 
tion Sales Co. Bulletin If-69. 

Shield Arc electrodes. McKay Co 
Bulletin Gf-248. 

Sciaky radial portable welder. Sci- 
aky Brothers. Bulletin Kf-425. 

Castolin Eutectic Alloys as a sub- 
stitute for scarce bronze or brass 
welding rods. Eutectic Welding Al- 
loys Co. Bulletin Lf-301. 

Two-stage “Regolator” for produc 
ing a non-fluctuating welding flame. 
National Cylinder Gas Co. Bulletin 
Af-331. 

Speed is increased 20 to 30 
and power costs cut one-third with 


welding 
Bulletin 


quantity and 
Arcos Corp. 


the Flexare A-C welders described 
in new booklet by Westinghouss 


Electric & Mfg. Co. Bulletin Ag-134 

Preheating, welding and normaliz 
ing by electrical reaction and induc 
tion is described in leaflet by Electri 
Arc, Inc. Bulletin Ag-468. 

Arc welding accessories available 
through General Electric Co. are 
illustrated in new Bulletin Lf-60. 

New precision welder with the 
streamlined are is described in leaf 
let issued by Hercules Electric & 
Mfg. Co., Inc. Bulletin Nf-470. 

Arc-welding without preheat in the 
repair of brass and bronze castings 
is described in engineering data 
sheet issued by Ampco Metal, In 
Bulletin Ag-175. 

“Sureweld” protected are ele 
trodes, in many types and sizes, de 
scribed in illustrated literatursé 
Hollup Corp., division of National 
Cylinder Gas Co. Bulletin Ag-331. 


TESTING & CONTROL 


X-ray crystal analysis apparatu 
described and illustrated in 
folder by Philips Metalix Corp. Bul 
letin Bg-471. 


New 29-page catalog Micro 
Electric Control has just bee 
sued by Leeds & Northrup Co. |! 
letin Bg-46. 


Wheelco Instruments Co, has 
issued five new bulletins describing 
its complete line of industrial ! 
cating, recording and control th 
mometers. Bulletin Bg-110. 

Bristol Co. has issued series of ! 
letins covering automatic control 
recording instruments for ind st 


furnaces, dryers, kilns and ov 
Bulletin Bg-87. 
“Kodak Products for Indust 


Radiography”. Eastman Kodak | 
Bulletin Ff-395. 

Inspection of non-magnetic metal 
with the new Zyglo method. Mag 
flux Corp. Bulletin If-401. 

Industrial radiography with 
dium. Canadian Radium & Uran) 


Corp. Bulletin Ff-320. 


s 





Use Handy Coupon on Page 292 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 292, 296, 298, 300, 302 
and 304. 











faster 
grinding & . o/ 
polishing 











with ABRASIVE BELTS 


and Kes sg 
BACKSTAND-IDLER 


TENT APPLI For 


NEW! SPRING- 
LOADED ADJUSTING 
SCREW AND 

HAND WHEEL us. 


WRITE FOR ne 
BULLETIN 


This new method of using 
patented segment-face con- 
tact wheels on grinding 
and polishing machines, 
with abrasive belts running 
to new Hammond Back- 
stand-Idlers, has definitely 
proved that many grinding 
and polishing operations 
can be done faster, better, 
and at lower cost than with 
set-up wheels. 


“ od Typical Application 
Hammond VRO Lathe equipped 


with Contact Wheels and Belts 


ees running to Backstand-Idler. 


EMOVED 





1647 DOUGLAS AVENUE 
KALAMAZOO * MICHIGAN 


EASTERN BRANCH 23d STREET, NEW yor« 


= x* *«* * 


71 w 





city 


SIMONDS 


TOOL, HEAT-RESISTING, 
HIGH NICKEL ALLOY 
AND SPECIAL STEELS 


MAGNET STEELS—ROLLED AND CAST 
, 


WRITE FOR 
MAGNET STEEL BOOKLET 


SIMONDS SAW & STEEL CO., LOCKPORT, N. Y. 





THE KING 
PORTABLE 
BRINELL 








PORTABLE 
USE 


A HARDNESS TESTER FOR 
AND STATIONARY 


SOOOK« 


Ball 


Puts an actual load of 
3000kg.onal0mm. ball. 


Throat, 4” deep. 
Gap, 10” high. 
Weight, 26 Ibs. 


Can be used in any posi- 
tion—even upside down. 





i ae | 


Test head removable for testing larger pieces 
beyond the capacity of the standard base. 


ANDREW KING 


NARBERTH, PENNA. 








Due to the many demands for Thermit in 
war production, we are not able to supply 
the M & T metals and alloys made by the 
Thermit alumino-thermic process until after 
the war. 

The purity and absence of carbides in 
these metals give them definite advan- 
tages in many peacetime applications. 


* * 





METAL & THERMIT CORPORATION 
~ 120 BROADWAY, NEW YORK 


Albany - So. San Francisco + Toronto 


Chicago «+ Pittsburgh - 
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WHATS NEW 


IN MANUFACTURERS’ 


ror 


LITERATURE 





Metallurgical laboratory apparatus. 
Burrell Technical Supply Co. Bulle- 
tin Ff-213. 

Tension and compression strains. 
American Instrument Co. Bulletin 
Nv-259. 

X-Ray Diffraction Unit. General 
Electric X-ray Corp. Bulletin He-6. 

Radium for industrial radiography. 
Radium Chemical Co., Ince. Bulletin 
Bf-345. 

Modern Polishing. Tracy C. Jar- 
rett. Bulletin De-303. 

Film and plate processing equip- 
ment for spectro analysis. Harry W. 
Dietert Co. Bulletin Af-198. 

Optical Aids. Bausch & Lomb Opti- 
cal Co. Bulletin Ce-35. 

Universal testing machines and 
typical uses. Riehle Testing Machine 
Div., American Machine and Metals, 
Inc. Bulletin Cf-157. 

Pyrometer Controller, Ulinois Test- 
ing Laboratories, Inc. Bulletin) Hb- 
180. 

Universal enclosed terminal head. 
Arklay S. Richards Co. Bulletin Ne- 
330. 

Metallographic polishing powder. 
Conrad Wolff. Bulletin Cf-368. 

Portable Brinell hardness tester and 
folding Brinell microscope. Andrew 
King. Bulletin Df-377. 

8-page leaflet makes a detailed 
presentation of the Coleman uni- 
versal spectrophotometer. Wilkens- 
Anderson Co. Bulletin Lf-7. 

Laboratory and industrial electric 
furnaces manufactured by Cooley 
Electric Mfg. Corp. are described in 
new Bulletin Lf-462. 

Automatic stress-strain recording 
is discussed comprehensively and 
equipment is pictured in new book- 
let by Baldwin-Southwark Div., 
Baldwin Locomotive Works. Bulle- 
tin Lf-67. 

Metallurgical Equipment. Adolph 
I. Buehler. Bulletin Ke-135. 

Hardness testing equipment, Wil- 
son Mechanical Instrument Co., Ine. 
Bulletin Cf-22. 


Potentiometer temperature indica- 
tors. Foxboro Co. Bulletin Ef-21. 

Gage blocks, comparators, projec- 
tors. George Scherr Co. Bulletin 
Kf-206. 

Pyrovac radiation pyrometer, Bris- 
tol Co. Bulletin Kf-87. 

Slomin high speed electrolytic 
analyzers and other metallurgical 
laboratory equipment. E. H. Sargent 
& Co. Bulletin Kf-458. 

Surface Analyzer. Brush Develop- 
ment Company. Bulletin Kd-288. 

Polishing Machine. Cincinnati 
Electrical Tool Co. Bulletin Ox-97. 

Vicro-Optical Pyrometers. Pyrom- 
eter Instrument Co. Bulletin Ke-37. 

X-Ray metallurgical laboratory 
service is described and _ illustrated 
in new file folder issued by Claud S. 
Gordon Co. Bulletin Nf-53. 

64-page booklet on the precision 
control of industrial processes has 
been issued by Brown Instrument 
Co. Bulletin Nf-3. 

Constant temperature dry-ice cab- 
inet for temperatures from minus 90 
deg. to 220 deg. F. is new laboratory 
instrument described in leaflet’ by 
American Instrument Co. Bulletin 
\g-259. 

Dillon tensile tester and the Dillon 
dynamometer are described and il- 
lustrated in new leaflet issued by 
W. C. Dillon & Co. Bulletin Ag-466. 


HEATING e HEAT TREAT- 
MENT 


Tempering, annealing, stress-reliev- 
ing. Leeds & Northrup Co. Bulletin 
Hf-46,. 

56-page vest pocket data book on 
heat treating practices and proce- 
dures. Chicago Flexible Shaft Co. 
Bulletin Hf-49. 

24-page catalog describes gas, oil 
and electric Holden heat treating pot 
furnaces, and baths. A. F. Holden Co. 
Bulletin Lf-55. 

Modern electric furnaces for heat 
treating are described by Harold E. 
Trent Co. in new Bulletin Lf-461. 


New 8-page booklet describes and 
illustrates gas, oil and electric heat 
treating and carburizing furnaces of 
Holeroft & Co. Bulletin Lf-203. 

Faster production with Toe 
hardening, brazing, annealing and 
heating machines is set forth in new 
1§-page booklet by Ohio Crankshaft 
Co. Bulletin Lf-145. 

Kleen-well oil strainers for quench 
oil cooling systems is described ip 
leaflet by Bell & Gossett Co. Bulle- 
tin Lf-287. 

Gas cracking unit for production 
of a protective atmosphere during 
heat treatment of alloy and high ear- 
bon tool steels is described by Hevi 
Duty Electric Co. in new Bulletin 
Lf-44. 

Liquid salt baths for carburizing, 
annealing, reheating, tempering and 
neutral hardening are described by 
E. F. Houghton & Co. in new Bulle- 
tin Lf-38. 

Unichrome alkaline copper proc- 
esses for improvement of selective 
herdening and deep drawing of steel 
are described by United Chromium, 
Inc., in new Bulletin Lf-463. 

Annealing and _ stress-relieving of 
cartridge cases are discussed by Sur- 
face Combustion Corp. in new Bulle- 
tin Lf-51. 

Method of handling cylinder anhy- 
drous ammonia for metal treaters is 
comprehensively described and pic- 
tured in 12-page booklet by Armour 
Ammonia Works, division of Armour 
and Co. Bulletin Lf-443. 

“Pulverized Coal, the Victory Fuel”. 
Amsler-Morton Co. Bulletin Ff-286. 

Heat treating furnaces. Johnston 
Mfg. Co. Bulletin Ff-155. 

Heat treating production. Lindberg 
Engineering Co. Bulletin Bf-66. 

Rotary Hearth Furnaces. Lee Wil- 
son Sales Corp. Bulletin Ce-302. 

Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin Ff-321. 

Industrial ovens, rod bakers, weld- 
ing rod ovens, furnaces. Carl-Maye! 
Corp. Bulletin Bf-183. 

Non-metallic Electric Heating Ele- 
ments. Globar Div., Carborundum 
Co. Bulletin Lb-25. 





Use Handy Coupon on Page 292 


for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 292, 294, 298. 300, 302 
and 304. 















ee if you’re 
troubled with 
chattering 
machine tools 
or hot bearings 
and gears 










Stuart Ci! 


Engineering 


“me re 
with every B we 
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SE “STURACO” it has a technically 
accepted load carrying capacity of over 


300% more than ordinary lubricants. 


To eliminate sticking ways — to cool hot 
spindle bearings and gear heads — pvt 
“STURACO” on the job. Results from this 
unusual principle of lubrication hove been 
astonishing. If you have a tough problem 


write us today. 








BUCUTCEET Vo EF EA F MRS ee OP 


Tucreased 
SURFACE SPEEDS 


Setter FINISH 
Lower 
TEMPERATURES 





Typical Example of Production Improvement 


'< PROMAX 


CUTTING OILS 


@For over 60 years @ One large industrial user, reporting on the hobbing of S.A.E. 4620 


The National Refining gears, writes: @ “Since changing to Promax Cutting Oil on our Barber- 
Company ha io- - 
pony Sas pre Colmans, we have been able to increase surface speeds from 70 to 110 


neered in the develop- 

feet per minute. We get better finish on gears and the temperature of 
ment of Industrial ; 
finished pieces has been lowered to a point where the girls can remove 


Lubricants. Our en- 
them without wearing gloves.” © Metal workers are learning the im- 


gineers will work 
; ; portance of correct cutting oils for specific jobs. Many plants have 
with you in main- ‘ ‘ 

increased production 50 per cent to 75 per cent by the simple process 


of changing to PROMAX cutting oils. @ Worrte today for information on 


taining your plant 


and equipment at its 
wartime best the PROMAN Cutting Oils best fitted to your specific production needs 


EN-AR-CO INDUSTRIAL LUBRICANTS 


THE NATIONAL REFINING COMPANY 


Cleveland + Indianapolis « Chicago + Peoria « Omaha + Kansas City + Memphis 














WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





Low pressure oil burners. North 
American Mfg. Co. Bulletin Na-138. 


Industrial Furnaces. W. S. Rock 
well Co. Bulletin Ke-34. 

Certain Curtain Furnaces. C. 1. 
Hayes, Inc. Bulletin Ne-15. 


Heat treatment in electric salt bath 
furnaces. Ajax Electric Co., Inc. Bul- 
letin If-43. 


Modern Shell Furnaces. Mahr Man- 
ufacturing Co. Bulletin Bf-5. 

Butterfly Valves. R-S Products 
Corp. Bulletin Bf-234. 

Gas-fired Forge Furnaces. Eclipse 
Fuel Engineering Co. Bulletin Af-226. 

Molten Salt Baths. E. 1. DuPont 
de Nemours & Co., Inc., Electrochem- 
icals Department. Bulletin If-413. 
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Sentry Model ¥ 


High Speed Steel Hardening 
Furnace 


Special Training 


are 





The Sentry Company 


OP. 4-10) 5107 


CLAIMS??? 





Any Alloy —MOLY, TUNGSTEN, COBALT 
Simplicity and economy go hand in hand... 


and Expensive Equipment 


not needed. 


Bulletin 1012-5A will explain. 





Vany are made 
— few substantiated 


Sentry Diamond Blocks 


performance of 


and Sentry Furnaces 
will prove all claims 


made for them. 


It will be worth your 
while to prove to your- 


self how 
Sentry Diamond Blocks 


provide you’ with 
hardened High 


Steel Tools that 


will 
Speed 


are 
— CLEAN 


— FREE 
FROM 
DECARB 


— HARD 





MASS.,U.S.A. 
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Vertical Furnace. Sentry Co. by). 
letin Ne-114. 
Conveyor Furnaces. Electric | 
nace Co. Bulletin Be-30. 
Industrial Carburetors. 
Kemp Mfg. Co. Bulletin Ce-219. 
Condensed Catalog. American Gas 
Furnace Co. Bulletin Ff-11. 


C. M 


ie 


Convected Air Furnace. Despatch 
Oven Co. Bulletin Nd-123. 
New Electric Furnace. America 


Electric Furnace Co. Bulletin Gd-2 

Furnace Experience. Flinn & Dret- 
fein Co. Bulletin Be-82. 

Dehumidifier. Pittsburgh Lect 
dryer Corp. Bulletin Bb-187. 

Furnaces. Dempsey Industrial Fur 
nace Corp. Bulletin Ke-260. 

High Temperature Fans. Michiana 
Products Corp. Bulletin Hb-81. 

Turbo-compressors. Spencer Tur 
bine Co. Bulletin Cf-70. 

Drycolene. General 
nace atmosphere. Bulletin Df-60. 

Electric Furnaces for laboratory 
and production heat treatment. Hos 
kins Manufacturing Co. Bulletin C{ 
24. 

Control of temperatures of quench 
ing baths. Niagara Blower Co. Bul 
letin Cf-367. 

Electric box type and 
naces. H. O. Swoboda, Inc. 
E:f-379. 

Lithco, the chemically-neutral heat 
treating process, and Lithcarb, the 
process for fast, bright gas-carburiz 
ing. Lithium Corp. Bulletin Ef-319. 


Electric fur- 


muffle { 
Bulleti 


Dual-Action quenching oil. Gul 
Oil Co. Bulletin Df-360. 
Induction heating. Induction Heat 


ing Corp. Bulletin Ef-323. 
Internally heated salt bath furnaces 
and pots. Upton Electric Furnac: 
Div. Bulletin Ef-386. 
Sub-zero equipment for aluminu 


storage, shrinking of metal parts 
Kold-Hold Mfg. Co. Bulletin Kf-399 


S.F.E, Standard Industrial furnace 


catalog. Standard Fuel Engineering 
Co. Bulletin Kf-388. 


Electric Furnaces. Ajax Elect 
thermic Corp. Bulletin He-41. 

New Heat Source, for Heat Treat 
ing, Brazing and Melting of ferrous 
and non-ferrous metals. Lepel High 
Frequency Laboratories, Inc. Bull 
tin Ke-211. 

New manual 
technical advances - 
Sive, easy-selection 
burning equipment. National M 
chine Works. Bulletin Ag-310. 

8-page pictorial bulletin describes 
the heat treating service of Conti- 
nental Industrial Engineers, Inc. Bul 
letin Nf-154. 

Flame-type mouth and taper 
nealing machine for steel cartridgt 
cases is described in new leaflet by 
Morrison Engineering Corp. Bulleti 
Nf-305. 

No-Carb, a liquid paint for prevé 
tion of carburization or decarburiza- 
tion, is described and use illustrated 
in new leaflet by Park Chemical ' 
Bulletin Nf-141. 


shows many neé 
features exc! 
charts on gas 





Use Handy Coupon on Page 292 


for Ordering Helpful Literature 

Other Manufacturers’ Literature 

Listed on Pages 292, 294, 296, 300, 3 
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Columbia 




















; COLUMBIA 
; MOTOR-GENERATORS 


for Electro-Plating and 








other Electrolytic Processes | TO Oo ZL + T 2 E 5 


SPEED --- 


Speed production by 





making “Good” use of 
“Good” Tool Steel, but 
do not buy more than 
you need. 

Speed Victory by buy- 


ing War Bonds. 








Columbia generators embody every feature essential 
to dependable, 24-hour operation. They are built for 
electroplating service in sizes of 6 to 20 volts, 500 to 
20,000 amperes, for anodic treatment of aluminum in 
sizes of 40, 50 and 60 volts, 500 to 3,000 amperes. 
Columbia generators for other electrolytic processes 

range from Yo to 250 KW, 100 to 40,000 amperes, 6 
to 60 volts. 

Prompt shipment can be made on any type and size. 
What are your requirements? 


| COLUMBIA ELECTRIC MFG. CO. 
4519 Hamilton Ave. Cleveland, Ohio 























Different 


FLUXES Protect 


Metal Surfaces 
Each For Specific Jobs 


with Johnson’s 

Yes,—Krembs makes 89 different Fluxine fluxes oy ee + 
—each for a specific metal joining purpose—each Rust Inhibiting VW axes 
the result of over 67 years of chemical and metal- 


lect one to give perfect results on your welding, 


| 

' 

| 

| 

lurgical experience. From this group you may se- wv 
: 

| Today, rust is areal enemy of much war equip- 


brazing or silver soldering job. , 
. ment. To he ip guard against it, the makers Of 
With Fluxine fluxes you can meet Army, Navy Johnson's Wax have developed special Rust 
and Air Corps specifications. Explain your metal Inhibiting Waxes for use on untreated metal 
joining problem fully and a sample with instruc - surfaces and on black oxidized and phos 
tions will be sent free. phated surtaces. These new waxes al sO provi le 


a desirable dry finish. They are easy to apply 


KREMBS AND COMPANY either by dip or spray methods. Coverage pet 
gallon is excellent; dryin g is rapid, 








672 West Ohio Street Chicago Johnson s Rust Inhibiting Waxes are non- 
| Chemists and Metallurgists Since 1875 toxic, non-flammable. T he y comeready to use; 
| no mixing or dilution is necessary 


Free test sample and full information 
gladly Sent on request. Write 


s. C. sohmsom & Son, Inc. 
IA eee Industrial Wax Division, Dept. M-23 + Ra Wi 


TITEL ee, Be 
— Buy United States War Savings Bonds and Stamps _ 
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WHATS NEW 


IN MANUFACTURERS’ 


LITERATURE 





Controlled atmosphere furnace for 
heat treatment of tool and alloy 
steels. Delaware Tool Steel Corp. 
Bulletin Kf-439. 

Low temperature equipment for 
aging, shrinking, ete. Deepfreeze 
Div., Motor Products Corp. Bulletin 
Kf-444. 


Heat treating furnaces. McCann 
Furnace Co. Bulletin Kf-446. 

Furnaces. Tate-Jones Co. Bulletin 
Kf-447. 

Gas-burning equipment. National 
Machine Works. Bulletin Fe-310. 

Furnaces. Vulcan Corp. Bulletin 
Kf-448. 








From Coast 


N © ‘VY © 





<HDKER™ ERS 


101 DUANE ST. © 








The Talk of the Machine Shops Wherever 


Boker's Tool Steels yy ° 7 
are used - - - - - - - They Salisfy! 


AP WWLON IO welyesener 
1x) el) Bl lee 


For over 105 years we 
have served the industry 
and we are proud of it. 


"a !™ 


To Coast 


18-4-1 Type High 
Speed Steel. 





6-6-2 Tungsten 


High carbon, 
chrome, air hard- 
ening bar steel 
and castings. 


em. BOKER & CO., Inc. 


NEW YORK 
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16-page engineering and data book. 
let on proportioning oil bur 
Hauck Mfg. Co. Bulletin Nf-181 

Pictorial bulletin describes ir 
naces for heat treating, normali 
annealing, forging. Vulcan Corp. 
Bulletin Ag-448. 

\/fractive 16-page illustrated cata. 
log describes furnaces for heat treat. 
ing ferrous and non-ferrous metals 
Despatch Oven Co. Bulletin Ag-123 

War production with standard 
rated heat treating furnaces is Cc. 
tured in new bulletin by Surface 
Combustion. Bulletin Ag-51. 


REFRACTORIES & 
INSULATION 


Insulating firebrick. Babcock & 
Wilcox Co. Bulletin Ce-75 

Heavy Duty Refractories. Norto 
Co. Bulletin Ie-88. 

Super Refractories catalog. Carbo 
rundum Co. Bulletin Ld-57. 

P. B. Sillimanite refractories. Chas 
Taylor Sons Co. Bulletin Ef-218. 

Conductivity and heat transfer 
charts. Johns-Manville. Bulletin D{ 
100. 

Savings in construction time, labor 
and money with use of the all Ramix 
bottom for basic open hearth fur- 
naces are shown in new leaflet by 
Basic Refractories, Inc. Bulletin Nf 
192. 

Brickseal refractory coating and 
discussion of why furnace walls 
break down are presented by Brick 
seal Refractory Co. Bulletin Ag-469 


FINISHING, PLATING, 
CLEANING 


Nielco Laboratories offers tech 
nical data sheet on brass and copper 
alkali cleaner. Bulletin Bg-472 

Technical and engineering data on 
Tygon and typical uses, such as tank 
linings, are presented by United 
States Stoneware Co. in new Bulle- 
tin Lf-356. 

Detrex metal cleaning machines 
metal cleaning chemicals and proc 
essing equipment are _ attractively 
described in new 24-page catalog by 
Detroit Rex Products Co. Bulletin 
Lf-111. 

Cleaning Manual. Oakite Products 
Inc. Bulletin Hf-296. 

Airless Rotoblast. Pangborn Corp 
Bulletin Hf-68. 

A protective, deep black finish t 
steel. Heatbath Corp. Bulletin Hi 
189. 

Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin Ne-329. 

Pickling. Wm. M. Parkin Co. Bul 
letin Ff-193. 

Modern Pickling. The Enthone | 
Bulletin Ff-240. 

Cadmium Plating. FE. 1. duPont 
deNemours & Co., Inc. Bulletin 
29. 

Anodizing and plating equipment 
Lasalco, Inc. Bulletin Kf-457. 

“Indium and Indium Plating”. 
dium Corp. of America. Bulle! 
Df-376. 

Degreasers. Phillips Manufacturing 
Co. Bulletin Ne-254. 
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Battery of 
High and 
Low Temper 
ature Recir 
culating Type 
Furnaces. 
















The achievements of Carl-Mayer creative engineering 
in meeting crucial production demands of furnace and 
oven equipment, have resulted in order after order 
from concerns of national prominence. Why not profit 
by Carl-Mayer super-performance NOW? Wire for a 
Carl-Mayer Engineer, or write for Bulletin 241. 








Carl-Mayer, 3030 Euclid Ave., Cleveland, O. 
















SHOT 
AND SHELL 
FURNACE 


For stress re 
lieving shot 
and shells 
from 20 to 
105mm. Many 
repeat orders 
from outstand 
ing plants 
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WHATS NEW 


IN MANUFACTURERS’ LEPERATURE 





Tumbling and cleaning. Globe Electrochemical Descaling. Bul- 
Stamping and Machine Co. Bulletin” lard-Dunn Process Div., Bullard Co. 


Kf-4056, Bulletin Ge-143. 
Votor-Generators for electroplat- 


ing and other electrolytic processes. Jetal process and its characteris- 
Columbia Electric Mfg. Co. Bulletin’ tics as a protective coating. Alrose 


Bf-352 Chemical Co. Bulletin Gf-256. 








Now, Rods and Bars 
From Our Own Extrusion Mill 
. - - To Better Serve America’s War Production 


A new bronze extrusion mill—one of the largest in the Middle 
West—is another Ampco facility to better serve American industry 
in its war production program. Just one of several divisions of 
Ampco Metal, Inc.—from it today comes a steady stream of rods 
and bars. In a few months, heavy walled tubing suitable for 
bushing stock will also be available. 

The extrusion process assures wonderfully dense and clean 
metal, together with better physical properties—important for 
parts subject to abuse and wear. The increasing demand for 
extruded Ampco alloys made the new plant necessary, and it is 
now filling a long felt need. All standard grades of Ampco Metal 
and some Ampcoloy bronzes are available in extruded form. 

Consult with Ampco engineers for detailed information re- 
garding extruded bronze and its applications. Write today! 


AMPCO METAL, INC. 


DEPARTMENT MP-2 MILWAUKEE, WISCONSIN 


 AMPCO ¢ 


»\ 
MPcc 
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Comprehensive new booklet 
scribes the rust inhibiting wax c 
ings for protection of metal aga 
rust and corrosion developed by 
C. Johnson & Son, Inc. Bulletin 
426. 

Rust Preventative. Alox Corp. | 
letin Nb-212. 

Casting cleaning methods in f 
dries. N. Ransohoff, Inc. Bulletin 
381. 

MELTING e CASTING e MILL 

OPERATIONS 


Velting, holding and alloying 
haces are pictured and described 
new booklet by Fisher Furnace ( 
Bulletin Bg-195. 

New pocket size handbook pres 
compositions and physical propert 
of most commonly used all 
Niagara Falls Smelting and Refi 
Corp. Bulletin Bg-467. 

Care of crucibles for brass, copper 
aluminum and magnesium industries 
Electro Refractories and Alloys Corp 
Bulletin Ff-396. 

Rotary positive blower installations 
in several fields, including smelting 
steel mill and foundry. Roots-Cor 
nersville Blower Corp. Bulletin Hi 
131. 

“Electromet Products and Service 
Electro Metallurgical Co. Bulletin Bf 
16. 

Lectromelt' Furnaces. Pittsburgh 
Lectromelt Furnace Corp.  Bulleti: 
Db-18. 

Ingot Production. Gathmann Engi 
neering Co. Bulletin Ka-13. 

Operating Features, capacities 
charging methods of the Heroult 
electric furnace. American Bridg 
Co. Bulletin Bf-124. 

How Research Has Produced ad 
velopments that make the side-blow 
converter process desirable as a 
source of high temperature metal 
Whiting Corp. Bulletin Bf-357. 

Manganese-Titanium Steels 
Titanium Alloy Mfg. Co. Bulletin 
Ga-90. 

Electric Furnaces. Detroit Electric 
Furnace Div., Kuhlman Electric C 
Bulletin Hd-271. 

Chrom-X for steel mill and found 
ry. Chromium Mining & Smelting 
Co. Bulletin K?-451. 


ENGINEERING e APPLICA: 

TIONS e PARTS 

Electrical, corrosion and heat re 
sisting alloys in rod, wire, ribbon 
and strip forms. Wilbur B. Driver 
Co. Bulletin Kf-430. 

Carburizing Boxes. Pressed Stee! 
Co. Bulletin Ce-269. 

Duraspun Centrifugal Castings 
Duraloy Co. Bulletin Bf-233. 

X-Ray Inspected Castings. Elect: 
Alloys Co. Bulletin Ld-32. 

Meehanite Castings. Meehanite !\ 
search Institute. Bulletin Bf-165. 

Ledaloyl, self-lubricating bearings 
Johnson Bronze Co. Bulletin Af-2 

Metal Baskets. W. S. Tyler 
Bulletin Bf-359. 
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‘Dillon TENSILE TESTER CHACE 


oor 





ALLOY 
No. 772 


Offers High Electrical Resistivity 
as well as other 


Exceptional Characteristics 


























[his new manganese base alloy has an electrical 
resistivity of 1050 ohms per circular mil foot, or 
ibout a 60 % higher resistivity than most alloys now 
in common use. Furthermore, the qualities of this 


high electrical resistivity alloy are not affected by 





annealing, cold working, or cooling to —100° F. 


10,000 POUNDS CAPACITY 


eight: 83 pounds; height: 32 inches—yet allowing all type stress 


Because of its high electrical resistivity and other 
p to 10,000 pounds! Seven capacities available. Tests wide fine characteristics, this alloy is ideally suited for 
je of materials. Extremely accurate, easy to operate, low in cost. low temperature resistor applications ... rheostats, 


Write to Dept. B. P. auniliary heaters for circuit breakers, and electri 


my f DILLON & C0 5410 W. HARRISON STREET 
7 Ve 9 INC. CHICAGO, ILLINOIS 








cally heated expansion elements. 


Also, the temperature coefficient of expansion of 
“Chace Manganese Alloy No. 772” is considerably 
higher than that of any other strong alloy .. . its 
thermal conductivity is far below the values of 
alloys ordinarily used for low heat transfer, and . 
its vibration damping constant is 2.3% compared 
to that of 0.1% for hardened steel. 


“Chace Manganese Alloy No. 772” can be readily 
CARBURIZING COSTS machined, stamped, drawn, flanged, or extruded... 
it can be spot welded, butt welded, or soldered to 


The low shrinkage of itself or other metals, or it can be welded by the 


CHAR CARBURIZING COM. atomic hydrogen process ... now available in the 


POUND permits packing form of sheets, strips and rod, and in special shapes 
on request. 


more steel per box. This 
means more work This alloy has been incorporated in the new Chace 
per furnace No. 6650 Thermostatic Bimetal, which type bimetal 
offers increased thermal activity, high electrical 
resistivity and a substantial reduction in weight 


and mass. 


Complete engineering and research facilities avail- 
able . . . “Bulletin No. A-942” giving detailed 
information regarding “Chace Manganese Alloy 


No. 772” is yours for the asking. 


WM. CHACE co 


CHAR PRODUCTS COMPANY Manufacterers 


MERCHANTS BANK BUILDING INDIANAPOLIS Thermostatic coe and so il Alloys 
1626 BEARD AVE + DETROIT, MICH. 
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Plain Talk on the Nickel Alloy 


Situation and Your Requirements 


lhe acuteness of the nickel short- 
age is a matter of public knowl- 
edge since even the nickel content 
has been taken out of our famil- 


iar five cent pieces. 


Both you and we have known for 
some time that nickel must be 
used sparingly, At the same time, 
all metals used in the war effort 
must be conserved, We therefore 
recommend the use of nickel in 
moderate amounts, where it will 
save the use of greater quantities 
of other metals which are also in 
the critical class. 

In heat treating operations, equip- 
ment and parts of Amsco Alloy, 
which contains the proper amount 
of nickel, stand up for much 
longer periods than those which 
may have contained nickel in 
smaller amounts. The nickel con- 
tent of Amsco Alloy justifies itself 
by reducing to a minimum costly 
shutdowns and time-out-for-re- 
pairs in heat treating departments. 
Less frequent replacements mean 
conservation of metal and of the 
labor required to produce parts 
and equipment. 


While it has been found entirely 
practicable on heat treating equip- 


ment parts and containers to make 
\lloy 


substantially thinner than those 


metal sections of Amsco 
of ordinary metals, conservation 
by longer life predominates in 
\msco designs. Appreciable quan- 
tities of critical metals have been 
through — the 
mendations of Amsco engineers. 


(Amsco Nickel-Chromium Alloy 
containers are used for anneal- 
ing and carburizing, normalizing, 
spheroidizing, 
cyaniding, nitriding, salt bath 
and pack hardening — applica- 
tions where resistance to high 


conserved recom- 


stress relieving, 





temperature and corrosion is im- 
perative, \msco Alloy in the 
prescribed grade excels for con- 
tainers for each of these processes, 
because it assures operating econ- 
omies, greater service as a result 
of freedom from abnormal break- 
age, cracking, warping and dis- 
tortion: and the maintenance of 
strength and creep resistance at 
high temperatures. 


Write for Bulletin 1041-A., 











Better steel requires more scrap! 





Chicago Heights, Ilinois 


FOUNDRIES AT CHICAGO HEIGHTS, AL, NEW CASTLE ‘ YENVE 


AMERICAN MANGANESE STEEL DIVISION 


® 









FOUNDRY COMPANY 








> 
AKLAND. CALIF, LOS ANGELES, CALIF, ST LOUIS, MO. @ 
_ I 
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Steel Castings. Chicago Steel F 
dry Co. Bulletin He-184. 

Heat Resisting Alloys. Genera] A}. 
loys Co. Bulletin D-17. 

Pipes and Tubes. Michigan Stee} 
Casting Co. Bulletin Bb-84. 

Metal Powders. Metals Disintegrat. 
ing Co. Bulletin Ec-208a. 

Bimetals and Electrical Contacts. 
The H. A. Wilson Company. Bulleti; 
Cf-370. 

Handy wire data chart. Callite 
Tungsten Corp. Bulletin Ef-327. 

Corrosion and heat resistant alloy 
Lebanon Steel Foundry. Bulletin Ef. 
387. 

Lead-base metals. Magnolia Metal 
Co. Bulletin Kf-422. 

Comprehensive, pictorial descrip 
tion of wide range of applications 
where Velvetouch Bimetallic friction 
material may be installed is de- 
scribed in new plastic-bound booklet 
by the S. K. Wellman Co. Bulletin 
Kf-423. 

Cr-Ni-Mo Steels. A. Finkl & Sons 
Co. Bulletin La-23. 

Duriron. A new bulletin on stean 
jets, ejectors, tank outlets and spray 
nozzles. Duriron Co. Bulletin Ge-152. 

Heat and corrosion-resisting cast 
ings. Standard Alloys Co., Inc. Bul- 
letin Ke-151. 

Centrifugal Tron. Shenango-Penn 
Mold Co. Bulletin Ka-174. 

Industrial baskets, crates, trays and 
fixtures are described by Rolock 
Inc., in new Bulletin Lf-299. 

Standard and special shapes 
seamless steel tubing are described 
and pictured in new leaflet by Sum 
merill Tubing Co. Bulletin Lf-108. 

New 12-page booklet describes 
background, manufacture and typi 
cal applications of Tungsten. Cleve 
land Tungsten, Inc. Bulletin Lf-460. 

Handling baskets for heat treating 
washing, dipping, degreasing, etc 
are shown in new leaflets issued by 
Union Steel Products Co. Bulleti: 
Lf-459. 

Instrument Specialties Co. has is- 
sued “Better Brush Springs”, refer 
ence leaflet showing how “Micro 
processed” beryllium copper brush 
springs have answered demands and 
includes data and formulae ! 
spring design. Bulletin Nf-468. 


‘ 


Conversion from several tynes of 
scarce metals to malleable iron 1s 
described and _ illustrated in new 


booklet by Lake City Malleable © 
Bulletin Nf-469. 

Cooper standard alloys, its services 
and facilities are described in W 
bulletin. Cooper Alloy Foundry ‘ 
Bulletin Ag-144. 

Seamless pressed steel heat 
ing *coriainers. Eclipse Fuel Eng! 
neering Co. Bulletin Ag-226. 


tr t 
‘ 








Use Handy Coupon on Page 292 
for Ordering Helpful Literature 
Other Manufacturers’ Literature 
Listed on Pages 292, 294, 296, 298 
and 302. 








